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EXCESSIVI erosion has so profoundly 


ved the soil over vast agricultural 
that it is hard to understand why 


s i 


recently, systematic studies per 


ning to the process and its attendant 
vils have been almost completely ex 
ided from our research programs and 
Undoubtedly, the ne- 


mie theses. 


ect of this problem of continuing soil 


wastage and depreciation, which more 
an any other process alters the physi 
characteristics and crop-producing 
> 


responsiveness, of 


Tr plant 


ipacity, 
sloping land, has had closest causal rela 

n to the prevalent conception that 
rosion belongs to the natural order of 
terrestrial dynamics—that it represents 
in uncontrollable ageney which, through 
prolonged ages, has fashioned countless 
valleys over the world, dug prodigious 
anyons and otherwise accomplished an 


¢ 


f work, part of 


inmeasurable amount 
which that is, of normal erosion has 


been beneficial to man. Geologists have 
riven due consideration to the sharp 
ige of this prodigious implement of 


nd carving, but others generally have 
t. There has been too much of the 
nt of view that erosion is a necessary 
that must be borne with 


T ,a considerable degree. this ¢ meep 


n is based upon substantial founda 
in so far, and only in so far, as it 
The exceed 


rtains to normal erosion 
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FIG. 1. EROSION, FOLLOWING CULTIVATION 

HAS CONVERTED THIS LARGE AREA (SOUTHERN VIRGINIA OF FORMERLY SMOOTH LF 

INTO A CONDITION OF ROUGH, BROKEN LAND, WITH MORE THAN 50 PER CENT. OF AR 

TO ALMOST COMPLETE STERILITY, SUPPORTING ONLY A SCATTERING GROW OF W 

BLACKBERRIES, AND AN OCCASIONAL PINE OR CEDAR 

eal and biologic conditions resulting ceived very little attention by | 
from abnormal erosion, the accelerated and much too little by ecologists 
soil washing following man’s activities, phers, crop specialists and farn 
his free use of axe and plow and the fact that the earth’s mightiest 
overcrowding of live stock upon sloping Grand Canyon of the Colora 
ranges Destruction of vegetation and the making before man arrived 
disruption of the natural ground struec- implements of destruction is 1 
ture (the structural efficiency of the diction of what is averred her 
soil, as pertaining to its capacity for simple reason that nothing is 
disposing of rainfall by absorption and the conditions existing at t 
percolation) have caused the speeding period. Climatic records a1 
up of erosion far beyond common belief, there is no knowledge as to 
indeed, almost beyond the limits of com- of possible overpopulation of her! 
prehension. animals upon those primord 

The various phases of land wastage — sheds. 
resulting from these disturbances of 
virgin soil conditions do not, then, rep Removan or HuMUs-CHARGED 1 
resent a normal outgrowth of nature’s The most productive part 
operations, but, rather, the artificial de humus-charged, sponge like, abs 


f different 


physical characteristics and ecologic con 


velopment « tremendously 


ditions, as compared with the original 


soil. In their causal relationships to 
vegetative changes, these man-induced 
conditions of the soil, these results of 


excessive erosion, have specifically re 


topsoil, with its host of beneficia 
hi 


and relatively or} 


organisms 
of 
attacked first by this accelerated ¢ 


readily available plant nutr 


In place of the original surface 


characterized by optimum con 


of n 


for any definite type of soil 
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: lation and openness or poros 0 
s favor conser\ ! S n ft meaning 
ready penetrat [ Drous pial ron) ’ 
ts seeking moistur nd ( the ves and 
xposed subsoil is substituted ance Ww he di 
the simple process of washing various represe} It 
“comparatively shallow tops i] scal 1 seems} : ‘ he 
ss productive material is of muct ifter what is h : ee a A 
rvanic-matter content isuallv 1s yect 1 ites to desti ' : _ 
vely higher in clay and so ge! as opposed to 1 , 
stiffer more dense and Sticky if soil-building pl \ 
s less absorptive of rainfall and is much It Is Important to 1 ee oo 
p subject to running together, baking new SO eonditions R ndous 
pacting), cracking and dangerous iffecting plant adapt rowt} 


etion of available moisture h lm are not niy read spread 


; f drought Aside from the vast im throughout the United States but r 


rment of crop and grazing lands in being rapidly extende : 
ais, the United States (and many other coun ods of agricultu 
5 
s) and essential destruction of nu over a large proporton of t tivated 
us areas in the sense of economic land of the nation. 7) pet rit f wh 
p production), the process has mark- at least, is sloping and subject in vary 


altered The details ot topograpl \ Ing adegrees » WAS 
suntless places and has entirely 


ged the type of vegetation that 


einally characterized millions of acres lhe character of . sit LIS 
arm and grazing land (Fig. 1 In the virgin state, I! to place 


This paper undertakes to emphasize strongly influences t vegeta 
se profound erosion-produced altera tion growing on it, ¢ fof rying 
ns in the vegetative aspects of the adaptative actors i Anes 
nd. The subject can not be covered h edaphic characteristics l } 
tail at this time; its Importance as a iTIN 
geographic, edaphic and economic prob but rdinary 1 sas 
mly can be stressed here. With the ¢Xample, It Is vel n Cuba 
nent quantitative data now being that certain varieties r Ss ne 
unulated at the various regional sol which grow splend 
rosion experiment stations, together Solus give x ait 


h the results of soil survevs and ero droug! Vv uplands ‘ 5 f ? 


n surveys,* the time seems appropriat« ties, giving but indiffe1 : pre 


H. Bennett, **¢ t il Changes in S . cisely the same a | ne 

the Standpoint of Erosion,’’ J al A ni inder the ad : 
yronon 4 ) ) ! 193] ‘ } 
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imerous slopes that formerly were s! t 
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guiar are now characteristicallvy rough or I 

} > S ety no . ‘ ‘ , ; 
nh, DY reason of gullies that extend te I l rey | ? 

s of 10. 20. 40 0. 75 and « n » fas Ve drained canetl cis ( I ! 
‘Soil Survey of Stewart County, Ge slands On ecertair reas the ] ’ 
U. S. Dept. of Agric Field O ns 

> I = ! , ia ’ nd } } ] ry 

rt 15), Bur. of Soils, 1913. pp. 545-606 
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I the equivalent I humid nor 
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is to be expected when the original ’ 
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FIG. 3. AIR PHOTOGRAPH OF ABOUT 840 ACRES, SOUTHERN INDIAN.» 
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TWENTY-FIVE PER CENT. TIMBERED (DARK CLUMPY AREAS), WITH ONE HALF REPRESENT! 
SCRUBBY SECOND GROWTH ON LAND WHICH WAS ABANDONED BECAUSE OF EROSION: 11 PI 
PLOWED IN 1930,THOUGH PARTLY ERODED (LIGHT-COLORED GEOMETRIC PATTERNS ) ; 64 PER CE? 
DONED BECAUSE OF EROSION (A—LIGHT COLORED AREAS OF IRREGULAR OUTLINE, DEEI 


AND SUPPORTING LITTLE OR NO VEGETATION, AND B GRAY ARI 


DONED, NOW COVERED LARGELY WITH BROOM SEDGE). TOTAL ABANDON 
OF FORMERLY HIGHLY PRODUCTIVE LIMESTONE SOIL (OF THE GENERAL CHARA : or | 
SILT LOAM), BECAUSE OF IMPOVERISHMEN sY EROSION, AMOUNTS TO APPROXI) 
CENT. OF THE AREA. THIS CONDITION OBTAINS OVER A VERY LARGE AREA 
GIONS OF INDIANA, OHIO, KENTUCKY AND TENNESSEE. PHOTO FURNISHED BY PURD 
sity AGRICULTURAL EXPERIMENT STATION 
formerly tilled land had been aban- tation on the very extensive 


doned because of erosion. farm land, the Vernon fine sandy 

The vegetative changes from the origi- composed chiefly ot Andropog } 
nal virgin post oak forest and ‘‘bluestem little bluestem and big bluesten 
prairies’’ of many localities were found gether with some grama 
replaced on the erosion-ex] 


grasses 
to have been so great over the rolling been 
part of the state that this feature was droughty red clay subsoil by an 
helpfully employed as a_ soil-condition 
indicator in connection with the classifi- 


e 


tially worthless sod composed of 
and such inferior forage plants as 
-ation of certain types of idle eroded needlegrasses. 
land. In the Red Plains region (Fig 
2)° the original valuable prairie vege 


This sweeping vegetative chang 


7 For description of the Vernon soils, 

6 There is much eroding land of scattered H. Smies, ‘‘Soil Survey of Canadian ¢ 
occurrence outside the major regions indicated Oklahoma,’’ U. 8S. Department of Agr 
Field Operations of the Bureau of Soils 


on this general map 
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common, especially on the red soils 
Almost without 
examination , 


ws that they consist of stiff red clay 
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rich limestone soils of the Highland Rim the base map was prepa 
section of southern Kentucky, the thick photographs made during 
clumps of sassafras almost universally season of that year. Mucel 
present in abandoned fields usually mean completely or part-time aba 
simply one thing: That the former cov because of excessive soil was 
ering of humus-charged, mellow silt loam thing like 25 to 30 per cent 


has been washed off down to much stiffer county as indicated by the 


clay material that dries out and hardens — soil survey. The tat 


more Quick The vegetation coming in cally eroded = ar¢ 


abandoned fields is entirely dif- where 





on tl part of the origina 
ferent from that of the hardwoods origi remains, it Was an easy n 
nally covering these productive uplands, out the al nude d areas 0} 
and it is not known what length of time’ graphic sheets. Abandoned fi 


would be required for reestablishment of had washed down to clay 


anything like the virgin stand of timber. 
In 1930 a 


Washington 


| cessively dry period referr 


those old fields whieh hi: 


soll survey was complete 


ot County, Indiana, where 


tially bare of vegetation duri 
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FIG. 5 ERODED AREA OF FORMERLY C 


MONT SOLL 
CECIL SANDY LOAM) WHICH IS ESSI I STERILI IT HAS A DECIDED ACID 
WHICH, HOWEVER, IS THE CONDITIO OF FE FORMI OV I ING MATERIA AS 
Y EXAMINATION OF VIRGIN PROF oO AR-BY A aS (PH 4.87 A FAC! 
FEF BE) \ MICA G IN THIS STA HAT I S NO OND ONS 
COMPANY ACIDITY BUT OTHER UNFAVORAB ONDITIONS AT CAUSI 
RAW’? CLAY H E SOM FEET OR MORE OF SOI AND UPPER SUBSO AVE B 
] PINES } MIDD GROUND ARE ¢ OWING IN DEPRESSIONS VHI k MIOR I OD 
SIONAL DEBRIS HAS ACCUMULATED, W E HARDWOODS IN THE BA OUND ARI 
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THE ORIGINAL GRANI Y/ERIVED SOI! ( 
THE SOIL WAS COMPI ELY REMOVED BY 
SOIL, AND THEN ABANDONED x Ss VOI \ 
STOP THE WASHING, ESPECIALLY IE G 
) E PAI OF SUBSOII 0 O COMPA 
A Pi AND 0 I - OT O 
4} 


in covering of the original silt loam 


supported principally broom sedge 


These features are all plainly legible on 
aerial map (Fig. 3 


, + 


Detailed studies of a number of the 


virgin profiles vertical soil section oft 


limestone soils of this southern In 


ia county, which originally sup 


rted a splendid stand of oak, hickory 
ple, elm, basswood, cherry, buckeye 
d walnut, show that the immediat 
soll of the most extensive types is 
nsiderably more alkaline than the sub 
vers. The deep-lying substratum ma 
rial, on the other hand, is more alka 
ne than either the topsoil or the inter 
diate layers. Obviously, the plant 
ts, bringing up soluble basic con 
tuents from the alkaline substratum 


| storing them in the leaves of forest 
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(oOo 
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ferred sue] kali 
face soil, tf make 
than the vers 
It was ind ft 
‘.¢ The minera s 
litter res 
loam soils, is 2 ! 
Various 1 rs ] 
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FIG. 7. ABANDONED FORMER FIELDS, WEST-CENTRAL NEW JERS! 
FROM WHICH MORE THAN 4 FEET OF SOIL AND SUBSOIL HAVE BEEN WASHED. ‘1 S AR 
WHICH PHOTOS SHOWN IN Fics. 9 AND 11 WERE MADE) IS NOW EXCEEDINGLY POOR, RO 
GULLIED LAND, ABOUT 4) PER CENT. BEING BARI AND THI REMAINDER COV ) 

POVERTY GRASS. 
1, 1} or 2 inches, ranges from approxi- Appalachian region, during 1931 


mately neutral to alkaline in every in- 
stance. 

These characteristics of the successive 
layers through the vertical soil section 
afford a clear picture of what happens 
to the productivity of such lands under 
those unwise farm practices which per- 
mit the topsoil to off. Actually, 
bluegrass growing abundantly on the 
vir- 


wash 


comparatively ‘‘sweet’’ (alkaline 


gin soil has been displaced, on the ex- 
posed acid, droughty subsoil, by persim- 
mon, broom sedge and worthless weeds, 


with numerous areas supporting no 


vegetation or only scattered weeds and 


erass of dwarfed growth (Fig. 4 


EFrFrect OF EROSION IN THE SOUTHERN 


APPALACHIANS 


While making a reconnaissance survey 


erosion conditions in the southern 


of 





broad leaved 
all 


the slopes of numerous valleys wit! 


that the 
have been practically 


observed 


cleared 


Blue Ridge Mountains (where th 
cipal soils are derived from {Y 
rocks and micaceous sclists for 


tance ranging from about a half to 1 
quarters of a mile or more up the s 
rising from the alluvial plains bord 


+ 
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the streams. From about one 
more than three fourths of thes 
merly cultivated areas have been 
doned beeause of the severity 
sion. The character of the veg 


coming in after the stripping off 
surface layer (as well as the subs 
many instances) contrasts violently 
the former heavy forests of oak 
nut, hickory, maple, sourwood, cu 
tree, tulip-poplar, rhododendron, 


azalea, ete. Most of the abandoned 
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pine, aithoug! some 


dense stands of tulip 
in the Piedmont country, east of 
Blue Ridge, where erosion has devas 
imerous areas, a variety of vege- 
changes have taken place on the 
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brittle 
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red clay subsoils 
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FIG. 9 NO VEGETATION ON DEEPLY ERODED RED SHALI sf 
PENN CLAY 
CEN \ N JERSEY. NOT LESS THAN 4 FEET OF SOIL AND SUBSO 








FIG. 10. PATCHY ASSOCIATION OF BLACK PRAIRIE SOIL 





AND EROSION-EXPOSED WHITE SUBSTRATUM MATERIAI CHALK 
TEMPLE. THE WHITE AREAS, FORMERLY COVERED WITH 


AND YELLOWISH SUBSOIL, ARE MUCH 
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FIG. 11. SAME SOIL AS IN FIG. 9 
BUT WITH LESS ACTIVE EROSION DUE TO MORE FLATTISH SURFACE AND THE PRESENCE OF 4 
CENT. GROUND COVER OF VEGETATION. THIS AREA (2.9 FT. x 4.4 FI ALSO HAS LOS 
OF 4 FEET OF SOIL AND SUBSOIL BY EROSION THE VEGETATION SHOWS THE FOLLO 
MATED DISTRIBUTION, WITH REFERENCE TO AREA OF GROUND COVERED: Povt ‘ Ss 
nia spicata), 75 PER CENT.; POVERTY GRASS (Aristida dichotoma), 15 1 ( GRO 


2 PER CENT.; BARI 
relative content of soil particles 
but 

ot 
forest 


turally 
of 
structurally 


various standardized diameters 
On the 
disturbed 


well basis 


as 


studies pertaining to 


conditions at the erosion experiment 
stations (Fig. 2), on the same or similar 
soils, the most important structural 


change due to excessive erosion, from the 
standpoint of plant response, is a marked 
diminution of the effective 


and an enormously increased tendency 


ore Space 
| | 


of the exposed clay subsoil to run together 
while saturated, and to bake and crack 
during dry periods, with consequent seri- 
Most 


of the original forest of hardwoods was 


ous losses of available moisture. 
removed long ago from the 209,152 acres 
of Cecil sandy clay loam of Spartanburg 
County. Now about 60 per cent. of this 
land is under cultivation, the remainder 


types of the Cecil series.’’ 


SURFACE, & PER CEN 


being largely covered with old 
There 
white oak, hickory or dogwood 
h 


; 
Ol I 


an occasional second 


is 


and there are thickets 


plum, sassafras and smilax 


IN THE NORTHERN APPALACI 
November H, 1931. a 


a soil specialist of the State of O 


On rorest 
agricultural engineer from the | 
partment of Agriculture and t! 


walked over the erosion-denuded 


of a large section about thre 
northeast of Roseville. in the 
lachians of southeastern Ohio 


one point the view took in an aba 
area of approximately two squar 
All this had 
was considered good soil 
of eut 
long ago. Remnants of such woos 
attested the fact. Now 


eultivated ar 


A fi 
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from tl 


been 
hardwoods 


was 


these lar 
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of clay and_ shal On this althoug! 
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berry. Patches here and there are forest type is a good grou 
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scarce that a large proportion of the mineral soil) and | 
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FIG. 13 VIRGIN GRASSLAND 


TEMPLE, TEXAS 


2) Y 5 PER CENT. OF THE GROUND SURFA( OF 


BARE OF VEGETATION : GRASSES COVER 84.5 P 


P 43 PER CENT. AND BIG BLUESTEM 32 PER C1! 


CENT. FRESH 


low silt loam, which, in turn, is under- 
from 5 to 1] 
colored silty clay and 


lain by inches of buff- 

finally by a 
mixture of pale-yellow, acid clay and 
partly decayed shale fragments. This 
lowest section corresponds to the mate- 
rial now exposed over the greater part 
of the two square miles of eroded slopes, 
as well as over many thousands of acres 
elsewhere throughout the county. 

The question was asked: ‘‘What can 
be done with land of this kind?’’ The 
soils-erop specialist asserted that, with- 
out reseeding, a fair stand of bluegrass 
could be established with the addition of 
lime and superphosphate, at a cost of 
about $10 an acre, the grass coming in 
voluntarily, following such treatment. 
It was unanimously agreed that the 
average farmer could not afford this ex- 
penditure on such denuded land. The 
forester was of the opinion that, while 
it would be exceedingly difficult and en- 


AND OF THIS TYPE PRODUC! 








(HOUSTON BLACK CLAY, 


THIS REPRI 


SENTATIVE SMAI 


ENT. OF THE SURFACI 


NT , LEGUMES 2.0 PER NT., AND \ ‘ 


tirely impractical to reestablis 
woods forest on such infertile, a 
conifers could be 


it was agreed that farmers p1 


would not, upon their own resour 
much in this direction. It was 

agreed by all that it was too late 
eomplish very much with soil-s 
measures, since so little soil was 

In other words, the so 
erty brought about by cultivating 


conserve. 


steep slopes without provision 1 

sion control, resulting in strippir 
from 8 to 20 inches of soil and 
soil, was so extreme that this gr 
specialists was unable to decid 

remedy, if any, might be resort: 

order to restore these submargina| 
to any considerable degree of pr 
tivity beyond that which nature 1 
accomplish through a long proc 
partial control by whatever veget 
should come in spontaneously. The 


established \ 
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the problem unfolds itself it the wide-s} S 
is considered that in the on been, in almost tless 
vhere this worn-out land was is complete as 
ere are about 200.000 aeres. Vast areas of eros 
iltivated, now idle, over whiel subsoil and subst . 
s condition of erosion and degraded = sent newly formed s 
tion, or an approximation of it tats or en . . . 


s semblanes S 
Much the same thing is taking place ‘ompariso) 
imerous other parts of the northern mendously ' ! 
palachian region. Several of the ac 
panying pictures Figs. 7, 8, 9 and CHANGES IN 1 
show characteristic views of west Mueh the san 
ral New Jersey, in the Piedmont sec- the more rollit 
n, where erosion has seriously affected and plains west of 1 vast 
irge area When it is consid 
Summing up the relation of erosion to May 10, 1930, removes } tons 
vetative changes over immense areas’ of black si { : 
rmerly oceupied by hardwoods and a 4 per cent. sloy 
xed hardwoods-pine forests in eastern four feet in a hun 
ed States, these few observations Texas Black Belt (Fie. 2). r | 
measurements give some conception ind. further. tl 














FIG. 14. DEEPLY ERODED CLAY ORIGINALLY SAMI AS THA 
FIG. 13 


IVATED UNTIL BLACK TOPSOIL HAD WASHED OFF. 

UP THIS SURVEYED AREA (SAME SIZE AS FOR THAT OF F 
FACE WAS BARE OF VEGETATION THERE WERE NO GI 
OF THE SURFACE. LAND LII rHIS PRODUCES ON 


ACRE AS AN AVERA( 
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ie Le VIRGIN SHELBY LOAM NORTHWESTERN MISSOI 

















FIG. 16 CORN FAILURE ON SEVERELY ERODED SHELBY LOA 


OTTO APH MADE IN Avers * SAM FARM AS SHOWN IN F 
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been extremely violent: a chang 
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most exclusive stands of blue 


s, in density of 100 per cent. ground 


to scattering stands of weeds and 
| @Tasses rf very ow erazing 
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WESTERN KANSAS 


Tects Of erosiol vit respect 
moval mC AE westerl Kansas 
belt are illustrated by an erosio1 

Fie. 18) of a 159-acre farm in 

s ») 13 ». Tre cri (‘ou T\ Kar SUS 
ted in 193] 
virgin grassland this area t 


upland part of Class N if 
msists of dark brown. mellow si 
m Colby silt loam). averaging about 
nehes deep The material beneat] 
s top layer consists of brown silty 
which at approximate! 


v the surface passes into light-brown 
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FIG i EROSION—EXPOSED CLAY SUBSOIL © 
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243 per cent. of the precipitatl Souther \ . ‘ 
15 ton of soil per acre me vear eq 
In this connection, If might be mel 100) vears 
| that the slow rate of suri soll The inves . 
dine under natural conditions is 1 mat all of the eros 1) 
ted in the measurements of the Mis tions show 


souri Agricultural Experiment Station powerful effeet in ng b 


ere a 7-inch layer of topsoil (of t ind soil on the s so 
Shelby loam type) is removed by et the Red Plains Eros Experi t St 
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hundred, used continuously for ne s N 
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FIG. 18 EFFECT OF EROSION ON COLBY SILT LOAM, TREGO COl 
KANSAS 


1, STREA) 4 Iu) NO EROSION BUT ONSIDERABLE DEPOSITION OF EROSIONA 

ACRES): 2. EL, CULTIVATED—VERY LITTLE EROSION (7.7 ACRES); 3, GED ¥ SLOI 

ATED—3 INCHES OF SOIL REMOVED BY EROSION 31.04 ACRES); 4, MODERAT! 

VATED } TO 6 INCHES OF SOIL REMOVED (30.6 ACRES); 5, MODERATELY STEEP, 

ro 10 INCHES OF SOIL REMOVED 35.84 ACRES): 6, MODERATELY STEEP, CULTIVATED 

AND PART OF SUBSOIL REMOVED, DOWN TO 24 INCHES BELOW THE SURFACI D> Af 7 

AND SLOPING UPLAND AND LEVEL ALLUVIUM—VIRGIN GRASSLAND SHOWING NO EROSIO 
ACRES 
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100.8 e e 
inte ¢ = . and 4 
7 eroded Subs Ceup: yr The $] bus ~ 
7 originally consisting « hie bushels : 
averaged only 113.2 pounds — subs 
\ Wes 
Bethany, Missouri, Erosion Sta Station (Fig. 2). t SSeS 
Fig. 2), on Shelby loam of d-pel na s 
slope, the water and soil losses » S ( 
¢ 1931, from land devoted continu during 193] 
corn, were: 30.1 per cent. of the Kafir corn 11.7 
precipitation and 54.08 tons of sol precipitation and 20.85 tons 
from a slope 73 feet long): acre; whereas 
eas, the corresponding losses from from undisturbed nat . 
same soil, occupying the same slope and other evrasses 
eiving the same rainfall, wer were only .OO per 
ontinuous alfalfa: .36 per cent. of tion and 0025 
precipitation and 2.18 tons of soil Thus, the native } -C'TAaSs 
] re In other words, the dense ly fected as cLIspos of Vat 
} erowing alfalfa, constituting an excel much rain water as Kafir and 
1 nt protective vegetative cover, held saving of 8,340 . 
" and effected the disposal of 83 helally desu . 
r. times as much of the rainfall as was r face soil remove ft Sal 
~ ned on the corn land (chiefly by way type and occupying t san 
/ soil absorption and percolation), and alongside of 1 val nd 3 
y iused, also, the saving of SS times as areas Ost n 195] lo.43 1 
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FI 19. ALMOST COMPLETE DESTRUCTION OF VEGI 
ING, SOUTH-CENTRAL NEW MEXICO 
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FIG, 20, RECOVERY OF VEGETATION 
ON SAME CHARACTER OF LAND AS THAT SHOWN IN FIG. 19, CLOSE By, AF 4 | 
PROT FE¢ 


rIOoN 


FROM GRAZING 


































FIG, RECOVERY PROTECTED 


NEAR THE JORNADO RANGE RESERVE (U.S. Forest Service), New MEXIco 


21. SHOWING OF GRASS ON AREA 
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| 23.5 per cent f moisture, as ds 
st mol 
nst 16.8 per cent n the adjacent 
sane sur . 
eroded seil (of the same origina . 
The moisture in the normal soi -* 
nued to exceed that in the eroded ‘ G 
roughout the growing season, unti 
the time the corn began to mature In 
that contained in the normal soil represented | t ~ 
d below that contained in the slo! - 
ed soil, i.e.. to 13.8 per cent as severe 
nst 15.9 per cent. The fact that the f uplands, wit ns 
roded soil produced seven Times as changes, suc ‘ 
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the grazing capacity of millions of acres 
of formerly fair to good range country,” 
even to the extent of 100 per cent. dam- 
age in some localities. So tremendous 
has been the vegetative change in conse- 
quence of this evil that it is impossiblc 
to undertake any comprehensive state- 
ment of the details here. There are 
areas in southwestern Texas and various 
parts of New Mexico, Arizona, U'tah, 
California and other western states over 
which the vegetation has been comp/etely 
destroyed, with little evidence of any 
important recovery following years of 
comparative freedom from invasion by 
live stock. Usually, however, protection 
from further grazing is followed by slow 
recovery, even from an essentially bare 
initial condition, to a stage where there 
is sufficient recuperation for the plants 
to give considerable protection from ero- 
and W. R. 


” 


23 See H. H. Bennett Chapline, 
‘* Soil rime a National Menace. Cireular 
No. 33, U. S. Department of Agriculture, 1928. 
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sion (Figs. 19, 20 and 21). Some areas 
which have been swept almost bare of 
plant cover make a remarkable come- 
back under protection, due to the soil, 
underground seepage from higher areas 
and other local conditions. Such second- 
growth vegetation, however, is often 
markedly different from the original 
cover, particularly with respect to vari- 
ous nutritious grasses characterizing the 
original condition. 

During the summer of 1929 a heavy 
downpour of rain six miles southeast of 
Panguitch, in southern Utah, swept 
from a 50-per cent. slope of sheep range 
country practically all of the grass. In 
many places the soil, a brown gravelly 
sandy loam possessing considerable mel- 
lowness, was gouged out to depths of 10 
inches or more (18 inches in places). 
Samples collected the day following this 
erosive rain (August 16) showed in the 
uneroded soil, which had been conserved 
during that particular rain by protec- 





22. METHOD OF OVERGRAZING 
MEXICO 


Most OF THE ALLUVIAL PLAIN HAS BEEN SWEPT OUT FROM THIS POINT, 


NEW 








ALONG THE PUERCO RIVER, 


AND THIS SINCE THE 


COMING OF WHITE MAN TO THE REGION. 
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FIG. 23. 


tive clumps of sage, an organic matter 


content of 1.4 per cent., as against .4 per 
cent. in the exposed lighter colored sub- 
surface material (from which 10 inches 
of soil had been washed off). Such 
eroded areas were locally appraised as 
having little further value for grazing. 
It was asserted that grass would come 
back with exceeding slowness on slopes 
thus denuded. 

Depletion of the upland vegetation 
has brought about a very serious prob- 
lem in the alluvial plains of almost 
countless valleys throughout this great 
western grazing region. Excessive run- 
off from the denuded slopes has had 
the effect of trenching many valley 
plains, formerly well-vegetated, with 
broad channel-ways and lateral arroyos, 
where, 40 or 50 years ago, there was 
either no channel or only a diminutive 
run-way. In many places these chan- 
nels have undereut and widened to such 
degree that the entire valley floor has 
been riddled or bodily swept out, from 
the foot of the uplands on one side to the 


SEVEN 
LAID DOWN IN THE TOWN OF SAN MARCIAL, NEW MEXICO, BY THE 
LARGE AREAS WERE COVERED BY 


FEET OF SAND 


1929 FLOOD IN THE RIO GRANDI 
THESE DEPOSITS. 

corresponding position on the other side 
(Fig. 22) Soil, accumulation 
has taken the 
natural process of valley filling, has been 


whose 
millenniums under slow 
torn away completely or stripped of its 
productive surface material to the ex 
tent of wholly changing the vegetation 
remaining, or 

lished, for an 
Seattered 
other woody shrubs are all that can be 
the denuded 
which formerly were densely vegetated 
with nutritious grasses and herbaceous 
growth. This process of partial and es 
sentially 
and vegetation 
There still 
enough land of approximately virgin 
characteristics to verify, unmistakably, 
what the changes have been; in other 
localities, where the original conditions 
have been essentially obliterated, there 
is abundant historic proof of the altera- 
tions. The student of conditions 
needs no historic proof, however, to mea- 


that subsequent ly estab 


undetermined period 


ereosote bushes and a few 


seen over some of areas 


complete devastation of soil 


is continuing steadily 
localities, 


remains, in some 


soil 
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THIS FIELD OF ANTHONY 
SANDY LOAM 

WAS CHANGED TO GILA CLAY BY THE 1929 FLOOD 

‘ALONG THE RIO GRANDE, NEw Mexico. HERE 

12 INCHES OF DENSE, STICKY CLAY WERE DEPOS- 


FIG. 24. 


ITED OVER THE LOOSE SANDY SOIL. 


sure the violent changes that have taken 
place in such areas as that of the Puerco 
River Valley in New Mexico, for ex- 
ample. Here the valley plain is fast 
being gouged out, and there are large 
areas of adjacent slopes, now nearly 
bare of vegetation, where the soil has 
been largely swept away (as shown by 
what is left about the protected base of 
an occasional brushy tree). 


CHANGES DUE TO SILTING 
In the fall of 1929 a very destructive 
flood swept down the Rio Grande. The 
Bureau of Chemistry and Soils had com- 
pleted a detailed soil survey of the allu- 
vial plain from about the head of water 


in Elephant Butte Reservoir to about 11 
miles above the confluence of the Rio 
Grande with the Rio Puerco. This flood 
covered so much of the surveyed area 
with clay and sand that most of it had 
to be resurveyed in 1930.%* Areas that 
had been mapped as clay were changed 
to loose sand (Fig. 23), and sandy lands 
were deeply buried with clay (Fig. 24). 
In some places the depth of freshly de- 
posited sand was as much as seven feet, 
while clay was laid down in strata ex- 
ceeding two feet. Thus, droughty soils 
were changed to soils of good moisture 
retentiveness, and vice versa. The vege- 
tation will necessarily undergo accord- 
ant changes. 


Errect oF LOWERING THE 
WATERTABLE 
Another phase of erosional effect on 
vegetation is represented by the lower- 
ing of the following the 
gouging out of deep channels. 


watertable 


A strik- 


ing example is to be seen in Canada de 


los Alamos, north of Los Angeles, Cali- 
fornia. Here an old arroyo, recently 
becoming active, cit its channel to a 
depth of 50 feet or more into the porous 
materials of alluvial and ecolluvial ori- 
gin. The violent lowering of the water- 
table resulting from this channeling so 
changed the moisture condition that 
many cottonwoods of large size have 
recently died (Fig. Similar effect 
on vegetation is clearly observable along 
the Puereo (New Mexico) and numerous 
other western streams. 
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EFrrect oF OVER-WASH 

A very large proportion of the allu- 

vial plains in the Piedmont region (as 

well as of many other regions) has been 

so altered by over-wash derived from the 

eroding regional slopes that the soil, and 

Poulson and E. G. Fitzpatrick, 

y of the Socorro and Rio Puerco 

Areas, New Mexico.’’ U. 8. Department of 

Agriculture, No. 2, Series 1929, Bureau of 
Chemistry and Soils. 


2“E. N. 
**Soil Survey 
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the vegetation on it, has been markedly 
changed. Soil that formerly consisted 
of loam has been buried deeply by sands 
of varying texture, clay deposits and 
silt, all so variable, both on the surface 
and through vertical section, that it has 
been impossible to classify most of the 
areas within the Piedmont as uniform 
soil types. Moreover, such land (classed 
as meadow in soil surveys) has been 
converted into swamp or semi-swamp by 
the inereased overflows resulting from 
the clogging of stream channels with 
erosional débris. Formerly, these allu- 
vial areas were heavily timbered with 
ash, sycamore, oak, sweet gum and pine. 
Much of the land was put into cultiva- 
tion and considered the best of the 
region. Since abandonment, following 
the changes referred to, most of this has 
grown up to thickets of willow, alder, 
birch, blackberry, pine, rushes, cat-tail 


and coarse grasses. 


CONCLUSION 


Abnormal! soil erosion is an impover- 
ishing process of tremendous potency. 
It impoverishes the soil as well as the 
vegetation (including crops) that grows 
on it. It is hoped that this paper has 


presented sufficient evidence pertaining 


to the far-reaching effects of erosion in 
altering the environmental conditions of 
plant life to stimulate increased investi- 
gational interest in this branch of sci 
added that, while 


washing 


ence. It should be 


this aecentuated ean not be 


completely controlled, it can be slowed 
down very considerably where there is 
a will. In determining the most effective 
and economic measures for accomplish- 
ing this, study of the enormous restrain- 
ing capacity of vegetation, with respect 
to maintenance of soil and storage of 
water on sloping areas, opens a wide 


field for research and applied science. 
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COTTONWOODS DEAD 


(ON RIGHT) 


AS RESULT OF THE LOWERING OF THE WATERTABLE BY THE RECENT ENLARGEMENT OF THIS CHAN 
NEL (NOW MORE THAN 50 FEET DEEP IN PLACES): THE CANADA DE LOS ALAMOS, NORTH oF Los 


ANGELES, CALIFORNIA. 
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SOME PROBLEMS OF STREET AND 
HIGHWAY 


By Dr. KNIGHT DUNLAP 


PROFESSOR OF EXPERIMENTAL PSYCHOLOGY, THE JOHNS 


Tue interest of psychologists in the 
complex problems centering about the 
motor car was early aroused, and the 
division of anthropology and psychol- 
ogy of the National Research Council 
took official cognizance of this interest 
and its importance in 1924 through Dr. 
R. S. Woodworth, then chairman of the 


division. A committee on the psychol- 


ogy of the highway was organized in 
that year and delegates from the divi- 
sion participated in the first National 


Conference on Street and Highway 
Safety. I was the first chairman of the 
divisional committee, and was one of the 
delegates to the first and later confer- 
ences. 

During the years 1927-29, I succeeded 
in transferring the chairmanship to Dr. 
A. P. Weiss, but his lamented death 
brought me in again. Now, the need for 
a younger and more active chairman has 
become clear, and Dr. A. R. Lauer, of 
lowa State College, one of the most en- 
ergetie and competent men in this field 
of work, will undertake the job, while I 
will continue to serve on the committee. 

In the early years of its existence, the 
committee confined itself to advisory 
work. This was due partly to the ka- 
leidoscopie changes in the organizations 
(of which there were many) studying 
traffic problems, and to our desire not 
to complicate the situation still more. 
In an advisory capacity we were able to 
supply information on various points to 
engineering and other organizations. In 
those days, the notion of increasing 
safety by more rigid examinations for 
drivers’ licenses was prevalent. I be- 
lieve we rendered useful service by 


HOPKINS UNIVERSITY 
showing that the realization of this ideal 
is not so simple as it appeared, and by 
emphasizing the impracticability of ex- 
amination going beyond the minimal 
test of driving ability and elementary 
knowledge of the rules of the road. 

Another matter where the dissemina- 
tion of knowledge was important was in 
regard to signal colors. We were able 
to bring to the attention of the strategic 
groups the fact that the standards of 
color formerly in use were especially 
unfortunate, and that tests for color 
blindness were quite useless. The point 
we constantly made was that the ‘‘red’’ 
and the ‘‘green’’ can be made quite ade- 
quate for color-blind persons, and that 
the more adequate for them, the better 
they are for normal drivers, since it is 
a peculiarity of normal vision that when 
we direct the eyes a few degrees in any 
direction away from a small colored 
object such as a traffie light, the colors 
appear to us practically as they do to 
the typical ‘‘color-blind’’ person. The 
newer color standards are still not ade- 
quate, but we will shortly have available 
data from which adequate standards 
may be prescribed. 

In 1927 conditions were more nearly 
clarified so that it seemed proper to 
commence research on leading problems. 
A donation of a few thousand dollars 
from the American Optometrical Asso- 
ciation for work on the effects of defec- 
tive vision of drivers made the time 
especially opportune. Dr. Weiss was 
interested; and Ohio State University 
relieved him of a part of his teaching 
time that he might undertake this work. 
With the assistance of Dr. H. F. Burtt 
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and Mr. A. R. Lauer, a program of 
basic research was commenced, and 
Ohio State University provided facili- 
ties and support in a gratifying way. 
State highway officials and individual 
organizations, notably the Dayton Light 
and Power Company, cooperated and 
made donations. The illness of Dr. 
Weiss disorganized the program, and 
his death and the move of Dr. Lauer to 
Iowa State College brought it to a close. 
The work on defects of vision had been 
forwarded, and important methods of 
reducing accidents in groups of com- 
mercial drivers had been inaugurated 
by the Dayton Company through the 
cooperation of Mr. Shriver and Dr. 
Lauer; and a number of analytic inves- 
tigations contributory to the fundamen- 
tal problem of the driver’s relation to 
safety were completed. These were 
published in a monograph by Ohio 
State University in 1930. I might add 
that the methods worked out in Dayton 
have since reduced the accidents to 
drivers from the Dayton Light and 


Power Company 50 per cent., with the 
discharge of not many drivers. This 
work this year is being extended to 
other corporations. 

Ohio State University was picked for 
a central research station for several 


reasons. Its location is sufficiently cen- 
tral; there seemed a chance for coopera- 
tion with important agencies; and it 
also seemed probable that an experi- 
mental driving field could be installed 
close to the university. I have always 
believed that such a field is essential, 
since laboratory tests, although an in- 
dispensable means of progress, need 
checking under controlled driving con- 
ditions. 

With Dr. Lauer’s great interest and 
increasing ability in the work, it seemed 
expedient to consider building up an 
experimental center at the Iowa State 
College at Ames. The distance from 
eastern centers seemed prohibitive at 
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first, but the other advantages have 
finally outweighed this objection. Dr. 
Evans, the head of the psychology de- 
partment, was much interested, and the 
college administration was entirely sym- 
pathetic. The results so far are highly 
satisfactory. A driving field has been 
supplied on the college tract, and sub- 
stantial resources of other sorts are 
available, within the limited means of 
the college. Cooperation with the State 
Roads Commission and with many other 
agencies of state-wide or local nature 
seems adequate. 

Work on the standardizing of signal 
colors is in progress. A study on proper 
ground colors for road signs has been 
completed, reported to the U. S. Bureau 
of Roads, and will shortly be published. 
Arrangements have just been made 
with the Iowa State Automobile Com- 
mission and the police department and 
traffic courts of Des Moines, through 
which the work on the effects of defec- 
tive vision will be pushed to completion. 
A study of minor information signs, 
now a considerable danger to traffic, has 
been begun. A study of the legibility of 
license plates of different lettering and 
color combinations has been completed 
with the cooperation of the U. S. Bureau 
of Roads. Other investigations are on 
the docket. 

Not all our experimental work has 
been confined to Ohio and Iowa. One 
result in Baltimore has been the work- 
ing out by Inspector Lurtz of a model 
system of parking signs, which require 
no reading, but inform the drivers al- 
most a block away as to parking limita- 
tions in the particular block. This 
system has been in operation for several 
years, and a check which we made this 
year shows it satisfactory and useful to 
drivers. Work is in progress also in 
Baltimore on semaphore requirements, 
and on headlighting and auxiliary light- 
ing systems. 

Here you have a picture of what psy- 
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chologists, after long analysis of the 
problems and careful planning, are 
doing in regard to traffic problems. 
Perhaps it is not at all what you might 
expect psychologists to be interested in. 
Psychologists are irritating in that way. 
They are always doing what they are 
not expected to do. Many people, ap- 
parently, expect psychologists to be in- 
terested in a sort of abstract ‘‘Psychol- 
ogy of the driver.’’ There is no such 
topic, except as an abstraction; and we 
are not interested in abstractions. A 
driver is a human being, who does cer- 
tain things in certain situations: situa- 
tions composed of roads, cars, pedes- 
trians, dogs, ete. You can no more 
study the psychology of the driver aside 
from these conditions than you can 
study insect pests apart from their 
breeding grounds, their available foods 
and their parasites. 

The first thing the psychologist does, 
then, if he proceeds intelligently, is to 
analyze driving conditions; relate the 
reyuirements they make to known abili- 
ties of human beings; and then seek to 
find how the requirements may be bet- 
tered to suit human capacities and 
known human tendencies. When he 
finds the human ability in respect to a 
certain requirement is not known, then 
the determination of the ability is an 
important matter. 

Next, he will take up the question of 
what to do about requirements which 
can not be adapted to the general range 
of the drivers, and study the problem of 
adaptation of the drivers themselves 
and the problem of elimination of un- 
adaptable drivers. Here we run into 
problems of maximal complexity and 
difficulty. It is not a question, on the 
one hand, of educating drivers who are 
anxious to be educated. It is not, on 
the other hand, a question of tests of 
capacity which, adequately adminis- 
tered, would pick out the drivers who 
ought to be ruled off the road. Both of 


those problems are relatively simple. 
But they have really very little to do 
with our problem of improving traffic 
conditions. There are certain excep- 
tions to this broad statement which I 
will indicate, but these exceptions have 
only minor bearing on our major prob- 
lem. 

The problems in which this committee 
has made progress illustrate very well 
the actual point of view of the psycholo- 
gist. The street and road conditions 
and the particular types of cars in use 
make certain requirements on drivers. 
If these requirements are not met, there 
is trouble. 

Now, drivers are human beings cover- 
ing certain ranges of capacities and 
education and temperamental peculiari- 
ties. They are not standardized: there 
is a wide range of drivers in all these 
respects. If the drivers, or a consider- 
able proportion of them, do not meet 
the requirements of traffic, there are 
two theoretical lines of progress—(1) to 
change the drivers; (2) to change the 
requirements. In the first case again, 
there are two possibilities. We may 
improve the abilities of individual driv- 
ers, through some educative process. 
On the other hand, we might improve 
the average, in another way—by elimi- 
nating the worst individuals. 

On both of these points I shall have 
more to say, but I should like to point 
out here that the problem of color 
standards illustrates the complexity of 
the situation. You can’t improve color 
vision in any individual. On the other 
hand, you can not by any practicable 
means eliminate the color-blind individ- 
uals. You can, however, change street 
and road conditions so that the require- 
ments can be adequately met by the 
eolor-blind drivers. The course to take 
is then perfectly obvious. 

The adapting of the color require- 
ments to the driver, however, requires a 
competent study of the driver. No road 
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or street conditions have any absolute 
significance. They are significant only 
in regard to the drivers who will be 
placed in those conditions. We must 
know exactly what the color-blind man 
ean do and can not do. Further, we 
must know exactly what the normal 
man can do in direct vision and in 
slightly oblique vision. This is essential 
to the determination of the proper con- 
ditions. 

This, you may say, is a simple physio- 
logical problem. As a matter of fact, 
the physiological problem involved is 
not only unsolved, but is of no particu- 
lar consequence for the practical prob- 
lem. I may point out that even the 
determination of whether a man is or is 
not color blind is primarily a psycho- 
logical problem, and there is no physio- 
logical test which can be applied except 
under tedious laboratory conditions. 
Determination of a man’s practical 
color vision by simple tests is a tricky 
matter in which the psychologist’s 
knowledge of the types of human reac- 
tion to test conditions is invaluable. 

In studying the total traffic situation 
three principles have slowly clarified 
themselves to the psychologists. 

(1) We do not expect to increase 
safety except in an incidental way. 
Safety is an excellent ideal, but an elu- 
sive one. Improvements in conditions 
do expedite traffic and make it flow 
more smoothly; and may make safe 
driving easier to attain. As soon, how- 
ever, as the expediting of traffic de- 
creases hazards, traffic immediately 
takes up the slack. 

Let me illustrate. On a certain high- 
way, a two-lane road, traffic became 
highly congested, and accidents fre- 
quent. It was widened to a four-lane 
road, and can now accommodate from 
four to eight times the traffic of the old 
road, with smoother flow; and it is 
easier driving. Was safety increased by 
this improvement? For a short time 
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only. Before long, accidents began to 
be as numerous as ever before, and more 
violent. If two cars collide, several 
more pile on top of them. Extra efforts 
have been made recently by the state 
police, through wholesale arrests, to de- 
crease accidents by limiting speed. 
Will this sueceed? Look back over simi- 
lar campaigns elsewhere, and answer 
the question yourself. Moreover, speed 
is only a part of the problem. 

Another illustration might be found 
in four-wheel brakes. These expedite 
and smooth traffic. They have not, how- 
ever, reduced the number of accidents. 
They have merely expedited and 
smoothed traffic. Other illustrations 
can be found, but are needless. 

(2) Under present conditions, which 
we see no way of changing, few persons 
can be prevented from obtaining driv- 
er’s licenses; and any extensive attempt 
to limit drivers is doomed to failure. 
Certain defectives—the blind, the leg- 
less, ete., can be excluded. But these 
are the ones who don’t think that they 
ean drive anyhow. Epileptics and a 
few others can be excluded theoreti- 
cally, since a considerable public senti- 
ment would be behind the exclusion. 
That epileptics are excluded generally, 
except the cases which are of a rather 
obvious nature, is improbable. The 
deaf are apparently better than average 
drivers. A few types, oddly enough, 
who are safe as the average drivers (the 
color blind, for example), are theoreti- 
eally excluded in some states (but most 
color-blind persons get by the test). 
Any attempt to apply special capacity 
tests rigidly would produce a revolu- 
tion, and of course would be absurd 
anyhow. 

We believe that it is worth while to 
consider the practicability of efforts to 
determine and exclude epileptics and 
other specific defectives, and other cases 
constituting known risks. How this can 
be done is not at present clear. 
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A great number of preventable acci- 
dents and annoyances to other drivers, 
however, are due to reckless, erratic and 
ignorant drivers. These drivers are in 
no wise to be classed as physical or men- 
tal defectives or as lacking in capacity. 
Theoretically, tests could be devised for 
the identification of the worst of these 
classes. I do not even doubt that the 
tests could be developed practically, if 
a number of competent psychologisis 
devoted their energies to it. The appli- 
cation of such tests, however, is another 
matter. We know the difficulty in 
keeping even the simplest tests up to 
standard, and we know that the admin- 
istration of complex tests of sufficient 
precision to be determinative of mental 
conditions would require a vast army of 
skilled experts who are not available 
and will not be available. Under any 
other conditions of administration such 
tests would be a mere stench. Tests to 
be useful, or at least harmless, must be 
such as can be applied by the usual 


deputy, of modest education and politi- 


cal appointment. We can be certain 
that, for the issuing of drivers’ licenses, 
tests can not be usefully applied which 
go beyond: (a) a practical driving test; 
(b) a few questions on the rules of the 
road; and (c) a test of ability to read 
English. The only importance of the 
first two of these tests, as they are ad- 
ministered, is that candidates do take 
driving lessons before coming up for 
examination, and do look at the book of 
rules. That candidates of greater com- 
petency may be flunked, and some of 
lesser ability passed, is true; but it 
doesn’t matter much. Those who are 
flunked can try again; and the vital 
point is that all know they may be 
flunked. 

Where tests which are theoretically 
searching, even along these lines, are 
attempted, they break down. This is 
evident from results in at least one 
state, which has a system of examina- 
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tion which appears to be excellent, but 
which is a farce in actual operation. 

(3) In this situation, much can still 
be done towards making safe driving as 
simple and easy as possible for all drw- 
ers. If we make it simple for the dull 
or ignorant drivers, it is better for the 
more intelligent drivers, and vice versa. 
Further, since obstructed, erratic and 
tangled traffic is in itself a nuisance, 
and also increases the difficulties for 
competent and well-meaning drivers, 
anything we can do to smooth traffic is 
worth while. These seem to be the real 
problems of traffic and these should be 
emphasized. 

From the psychological point of view, 
therefore, we must: first, determine 
where driving conditions can be made 
simpler and easier for all drivers; sec- 
ond, we must find out the points on 
which certain drivers are ignorant, and 
promote the instruction of these drivers; 
third, we must consider means by which 
laws can be enforced—an important 
matter which is of particular interest to 
the psychologist. Finally, the minor 
problem of excluding a few drivers is to 
be faced. 

In what respects can driving be made 
simpler than it now is? I shall enumer- 
ate a few. (1) Traffic lights must be of 
the colors most quickly discernible by 
all drivers. Their form and placement 
are highly important and must be 
worked out on the basis of the human 
beings’ habit of pereeption. When we 
know what the driver needs, the engi- 
neers can fill the prescription with no 
trouble at all. The present forms and 
placements of semaphores are by no 
means satisfactory. Accidents due to 
this cause may be infrequent (although 
it is really difficult to determine the ex- 
tent to which the semaphore condition 
does contribute to accidents) ; but pres- 
ent conditions do confuse traffic in many 
eases, while in many others the require- 
ments are such as to take drivers’ 
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attention away from other and highly 
important matters. Conditions can be 
improved. 

(2) Information signs must be con- 
spicuous, and they must be independent 
of reading as far as possible. Where 
reading is essential, something must be 
done to make the reading simple. The 
handling of route numbers at present is 
excellent. But in most states local signs 
are sources of danger. If a driver must 
slow down, or stop at an intersection to 
study a blackboard containing a list of 
names of villages or a flock of arrows on 
a post, he makes trouble for himself and 
others. 

An adequate system involves the con- 
sideration of what the average driver 
ean do. It involves much more than the 
question of whether the blackboard of 
one state or the flock of arrows of an- 
other is the worse. It involves the psy- 
chological problems of background and 
lettering, of the systematic arrange- 
ments of names and, above all, of place- 
ment. The problem of a uniform system 
ean be solved and is now under investi- 
gation. 

(3) A great deal has been accom- 
plished by road engineers by the use of 
dividing lines. These don’t deter the 
reckless drivers, but they assist the driv- 
ers who want to be careful. I do not 
think this problem is finally solved. 

(4) Cautionary and instructive mate- 
rial spread on the street surface is a 
nuisance. The driver who is driving 
properly doesn’t read it: if he studies 
the street surface in cities it distracts 
him from the more important jobs. The 
least snow or even a sheet of water abol- 
ishes the literature, anyhow. 

(5) Body designs of up-to-date cars 
introduce needless difficulties. The 
average driver who won’t keep over to 
his side of the road may be merely 
hoggish, but in many cases, he really is 
afraid to get over, because he doesn’t 
know where his wheels are. I know this 
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seems absurd to the engineer whose 
specialty is body design; but that is be- 
eause he isn’t an average driver. If 
the designers can’t cut windows lower, 
and set the radiator hood down, and 
give greater depth to the windshield, 
and so make the driving problem sim- 
pler without weakening the body mate- 
rially, then they are not as smart as I 
believe they really are. 

(6) Road edges have a material bear- 
ing on road-hogging. With the money 
spent on concrete roads, the neglect of 
road edges is nothing less than scandal- 
ous. In many places where cars have 
‘‘gotten out of control’’ and so have 
swerved off the road and overturned, I 
have noticed that the road edge is the 
key to the catastrophe. Loose gravel, a 
drop of two to four inches—such condi- 
tions are common. If a car going 35 
miles an hour slips a wheel off the road, 
will it get out of control? We all know 
that it will unless the driver is expect- 
ing it, or is an unusually expert driver. 
The results are not merely many wrecks, 
but also an increase in the general fear 
on the part of the average driver of get- 
ting over to his side of the road, espe- 
cially with present cars, where the 
driver sits down in a closed pen looking 
over the high edges. 

While I am on these topics, I can’t 
refrain from referring to a road condi- 
tion which has no bearing on my main 
problem, but which is a fertile source of 
fatal accidents. I refer to the solid con- 
crete copings (‘‘death walls’’ they are), 
which are built on the sides of culverts 
and small bridges. In most cases, if the 
driver should run his car off into the 
creek at one of these places, he would 
have a chance for his life. When he 
smashes into the end of the wall he has 
no chance at all. Some of these walls 
have been the cause of death after 
death. The same amount of concrete 
laid down flat, extending the width of 
the roadway, would have a real value. 
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Let us turn now to the question of ig- 
‘ norance. In Maryland, if the driver 
ahead of me hauls over to the left at an 
intersection, I assume that he is prepar- 
ing for a right turn. If he hauls over 
to the right side, I assume that he 
is going to make a left turn. In the 
majority of cases, I am correct. In 
some cases, this is mere carelessness or 
disregard of the rights of other drivers. 
In a great many cases, however, it is 
just stupidity. Of course, the driver 
can make his turn with less trouble to 
himself and at higher speed in this way. 
I suspect that the danger and the diffi- 
eulty caused to other drivers usually 
doesn’t dawn on him. As long as every- 
body does it, nothing can be done about 
the insolent or reckless driver when he 
does the same thing. I have some 
grounds for supposing that a large 
number of drivers are really amenable 
to reason on this point; but the tech- 
nique of applying the reason has to be 
earefully planned. In some places 
white-lining the intersection into alleys 
solves the problem: but in many streets 
this can not be done. 

The use of hand signals is another 
matter in which education is important. 
The passing of laws doesn’t seem to be 
an adequate remedy for this condition. 
On the other hand, some much-advo- 
cated systems are really dangerous. 
The inclination of the arm is harmless 
so long as you don’t assume that the 
driver means what he seems to mean. 
Finger systems are a nuisance. Yet 
adequate systems are possible. Moving 
the arm up and down for stop and right 
turn (that is all the more difficult rotary 
movement amounts to), and a more or 
less straight and definitely motionless 
arm for left turn are definite signals. 
Any driver can tell whether his arm is 
rigid or moving, but many a man, and 
still more women, don’t know whether 
the arm points up, down or straight 
out. 


One more item of this sort, and I will 
leave the topic. The horn nuisance con- 
stitutes a problem which is apparently 
minor, yet has serious bearing and is 
probably responsible for more serious 
accidents than might be supposed. 
Safety and comfort would probably be 
enhanced by banning horns entirely, 
since there are few situations in which 
the horn is a protection, and very many 
situations in which it is a nuisance. It 
does not seem possible, however, at 
present to achieve this reform. This 
is one of those interesting points at 
which an accepted theory, handed down 
from the horse age, prevents people 
from observing facts. Certain amelio- 
rations, however, might be effected. 
The London law, which prohibits the 
blowing of a horn while the car is at 
rest, is excellent, because it is a law 
which is readily enforceable. This re- 
duces the nuisance, but it does not re- 
duce the number of fool drivers who 
make horn-tooting a substitute for care- 
ful driving. A meter on every horn, 
with a nickel for each toot, would be 
something of a deterrent, but I fear is 
impracticable. Some means of educat- 
ing drivers is the practicable solution. 
I think it is really a matter of igno- 
rance on the part of most horn-tooters. 

The problem of educating drivers has 
been discussed from many angles by 
many organizations, commercial and 
scientific. There seems to be a general 
agreement that two agencies are practi- 
eal, from the strictly educational point 
of view. One is the movie, the other is 
the radio. From the commercial point 
of view, however, these do not seem so 
practical after all. Negotiations with 
film producers and distributors, I know, 
have been undertaken by several 
agencies, without success. There have 
been some films presented in a small 
way, but that sort of presentation does 
not cover the situation. On the other 
hand, it is clear that nothing stuffed 
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down the people’s throats, or rather, 
into their ears and eyes, will have the 
desired effect. On this point, the hard- 
boiled attitude of the film producers is 
correct. I believe, moreover, that the 
plans proposed so far have been funda- 
mentally wrong. Long films of a didac- 
tie type are out of date. The public is 
bored by them. On the other hand, 
there is a distinct possibility of both in- 
teresting the public and impressing 
them, through short episodes, one to be 
shown each week, each episode complete 
in itself and snappily worked out. I 
believe this method should be consid- 
ered well, and with the cooperation of 
the auto trade a producer could be made 
to see its points. Nothing less than 
national distribution with periodic pres- 
entation would be worth while, however. 

The radio has been employed a great 
deal in total, but not in a systematic 
way. Many safety addresses have been 
made over local systems. Here again, 
sporadic addresses are not productive. 
‘‘Listening in’’ is more or less acci- 
dental, especially when the public ex- 
pects the worst; and if the speaker does 
arouse interest this interest is not capi- 
talized. Nothing less than a major 
chain broadcast, at an hour of the day 
when men listen, with a fifteen-minute 
address once a week for six to twelve 
weeks is worth the trouble. If such an 
arrangement were made, the circulation 
of the printed speeches in booklet form 
afterwards would be possible and could 
be easily accomplished. 

In our cities, there are pressing prob- 
lems of traffic, peculiarly urban. The 
baffling parts of these problems are their 
psychological features. I suppose most 
of the intelligent city traffic directors 
know the formal solutions of these prob- 
lems. I know at least some directors 
that do; but they are helpless. Public 
opinion is chaotic, and steps towards the 
solutions can be taken only slowly, as 
conditions get so bad that the public 





recognizes that what it considers dras- 
tic steps are unavoidable. 

The street surface is limited. The 
only traffic plan that can provide for 
even the immediate future is the one 
that makes the maximal use of this lim- 
ited surface. If you use the street for 
garage space, you can’t use it for traffic. 
A bus carrying forty passengers occu- 
pies no more space than two private 
ears carrying two persons each, or less. 
I have counted cars at critical points in 
New York, Boston, Philadelphia, Wash- 
ington and other cities, at various hours 
of the day, and have been impressed by 
the fact that the majority, except in a 
few wholesale districts, are private cars, 
carrying an average of less than one 
person; and if chauffeurs are counted 
out, the average in many cases falls be- 
low one passenger. Taxis are not 
nearly so numerous, except immediately 
around railroad stations, as their bright 
colors would make them seem ; and com- 
mercial vehicles are well in the minor- 
ity, even in down-town New York. 

If cars are parked solidly for the 
whole block in which a merchant is es- 
tablished, his customers can’t come to 
his store by car. And yet merchants are 
convinced that congestion in front of 
their stores helps their business in some 
mysterious way. 

The trouble is that the typical Amer- 
ican wants a lot of conflicting things. 
He wants to be able to jump in his car, 
drive wherever he likes, and park his 
ear exactly on the spot when he gets 
there. He wants to go as fast as he 
pleases, and let the devil take other 
drivers and pedestrians. He doesn’t 
want the use of his car restricted, and 
fights every attempt to straighten out 
the mess, until the mess gets so bad that 
he finds he is wofully hampered anyhow. 

This situation is quite familiar to the 
social psychologist. Whenever there is 
conflict in the satisfaction of desires, 
there is chaos, until it is beaten into men 
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that in a social group there can be no 
adequate satisfaction without adjust- 
ment of each man’s activities to those of 
others. This means limitation for all, 
but is the only method which gives the 
maximal satisfaction. With every new 
conflict, however, we forget the lessons 
which past adjustments should have 
taught us, and each man strives to sat- 
isfy his own desires at the expense of 
others and fights violently against the 
inevitable process of social adjustment. 
So we have a variety of suggestions for 
putting the other fellow out of the way. 
Some have raised the cry: ‘‘Limit the 
use of the street by commercial ve- 
hicles,’’ forgetting that commercial 
traffic is the life blood of the city. 
Others clamor: ‘‘ Restrict street cars,’’ 
‘*Restrict busses,’’ although street cars 
and busses are the greatest economizers 
of precious street space. ‘‘Limit taxi- 
eabs ;’’ in fact, each man wants to limit 


anything, limit everything, which will 
leave him more free to drive and park 


at will. 

The remedies: In the first place, we 
must recognize that the real problem in 
cities is no longer traffic, but transpor- 
tation—transportation of the maximal 
quantity of persons and commodities in 
the smoothest way. We must stop wor- 
rying about moving the maximal num- 
ber of cars, and consider the most effi- 
cient means of transportation. In the 
second place, street space is public 
space, and any one who desires to use it 
to the exclusion or inconvenience of 
others must expect that within a very 
few years he will have to pay for the 
privilege. We do pay, in property taxes 
and gas taxes; but this is for using 
streets and roads as traffic lanes. For 
the special privilege of blocking the 
street with my parked car, I shall even- 
tually have to pay rental on the space I 
preempt. When this principle is estab- 
lished—I say when, not if; for it is as 
certain as death—there will be plenty of 
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capital invested in garages to take cars 
off the street. Definite adoption in any 
city of a plan of parking-space rental 
which should begin with a minimal 
charge for parking privilege tags with 
definite increases yearly to a reasonable 
limit would start a building program 
right now which would be an aid in this 
period of depression. 

In the third place, we may look for- 
ward to the prohibition of private pas- 
senger vehicles from important areas in 
the cities, where the needs of commer- 
cial and passenger transportation can 
not permit this street-wasting traffic. 
Five years ago, traffic directors thought 
I was crazy when I prophesied this. 
They don’t think so now. 

These and many other readjustments 
are in sight. They should not come as a 
succession of shocks, as violent and dis- 
ruptive readjustments of conditions 
which will have become intolerable. 
The public should be educated to under- 
stand the necessities and the values of 
the solution. The changes which are 
involved require readjustments of capi- 
tal, readjustments of personal habits 
and readjustments of city systems, all 
of which will consume time and need 
planning ahead in order to prevent dis- 
astrous losses and severe inconvenience. 
But if the situation is not understood, 
if the comprehensive plans are not 
made, the losses and the inconveniences 
which must surely occur are inesti- 
mable. 

All transportation in a civilized com- 
munity depends on laws and law en- 
foreement. Law enforcement is a tricky 
thing. Laws can be arbitrarily enforced 
under certain conditions, but those con- 
ditions are of brief duration, especially 
in a civilized community. Laws which 
are not accepted as reasonable and nec- 
essary by the majority of the citizens 
and which are not enforced uniformly 
are mere sources of evil, like the anach- 
ronistic blue laws of Maryland. 
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I do not recommend a servile obedi- 
ence to law. An unreasonable, an un- 
just, an unfairly enforced law, it is the 
high duty of an American citizen to 
break; and if he is punished for it he 
ought to take his medicine like a man. 
All progress has been made through 
law-breaking. In no other way has the 
progressive adaptation of laws to new 
conditions been possible. The revolu- 
tionary patriots were law-breakers. So 
were all the martyrs. So are we all, al- 
though I fear most of us do not base our 
law-breaking on as high moral princi- 
ples as did George Washington and the 
founders of Christianity. 

I may cite the speed laws as an illus- 
tration. Was the speed limit raised 
from 14 miles an hour to 40 because it 
was seen that conditions warranted the 
change? No, indeed. The limits have 
been raised because everybody broke 
them, and spasms of arresting people 
not only did no good, but the injustice 
of ‘‘soaking’’ a few while others ‘‘got 


away with it’’ increased popular resent- 


ment. Public opinion was not behind 
the old speed limits, and a law without 
publie opinion behind it would better be 
repealed pronto. 

Traffic laws are essential: without 
them transportation would be demoral- 
ized. The question is: What laws, and 
how enforced? There is no simple an- 
swer to this question; and no useful 
answer can be obtained by appeal to 
formal jurisprudence. Solution of the 
problem involves consideration of rap- 
idly changing mechanical situations, and 
a considerable amount of applied psy- 
chology. 

(1) The law must fit the situation. 
Speed must not be prohibited where 
speed is a minor factor. I think Mr. 
Eynon of Pennsylvania has correctly 
estimated the situation for a state hav- 
ing an official speed limit. I understand 
that this is interpreted as a limit only 
where it endangers others than those in 
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the car itself. In Maryland, the speed 
limit is 40, but if you drive as slowly 
as 40 you obstruct traffic, except during 
the irregular period when the police are 
pinching freely on a certain road. On 
the other hand, certain congested areas 
are posted for 35, for 25 and lesser num- 
bers of miles per hour. But, practically, 
one is in greater danger of arrest in 
driving at 50 on the open road than at 
40 in these highly dangerous stretches. 

(2) The law must have a high degree 
of enforcement or be abandoned. Yet 
the usual speed law can not be enforced. 
What is the solution? Obviously, to 
concentrate enforcement on the danger- 
ous stretches where the limits are low, 
and abandon the open road. This could 
be done. By concentrating on these im- 
portant stretches, a real observance 
could be attained. A minimum of laws, 
really enforced, becomes respectable. 
More laws than can be enforced make no 
law at all. 

What holds for speed limits holds for 
other aspects. Critical points should be 
watched. In certain cities, beating the 
green light became prevalent. A vigor- 
ous campaign of pinching stopped it 
because public sentiment was favorable. 
A parking limit is difficult to enforce: 
there are not enough policemen. But 
parking in forbidden places is easily de- 
tected and kept down. The whole park- 
ing problem must be faced on the basis 
of the determination of the rules which 
ean be actually enforced, and abolishing 
other rules. Otherwise, the general 
flouting of regulations is inevitable. 

(3) The relation of law officers to the 
public is the most important of all 
aspects in law enforcement. In some 
cities, the traffic cops delight in bawling 
drivers out; these cities are precisely 
those in which disregard of the most 
essential regulations is most flagrant. 
No drivers feel cooperative with the law 
after being treated roughly, and many 
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take a delight in repeating the offense 
in safer circumstances. This is espe- 
cially evident where the offense has been 
due to confusion or awkwardness. On 
the other hand, where a different atti- 
tude is taken by the officers, cooperation 
is much better. Why the police force in 
some cities has never grasped this point 
is a matter I can’t explain. 

This hasty survey is intended to em- 
phasize the complexity of the traffic 
problem, and show that there is a large 
place for the psychologist in cooperation 
with engineers, automobile makers, 
traffic directors, and not least, the pub- 
lic. It will readily be seen that it is not 
a field into which a psychologist can 
hastily plunge. No simple application 


of general principles is worth a fig. 
Nothing but prolonged study of the 
complex situation, leading to the picking 
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out of vital problems, is of any conse- 
quence. There is room for active work 
by a number of men whose psychological 
training has been of the sort which fits 
them for the particular field. The field 
is great, and the workers are few. 
Why? Well, for one thing, because we 
have to do this kind of work for nothing, 
on our own spare time, in addition to 
our pretty heavy regular jobs. Natu- 
rally only a few, who get enough kick 
out of it to compensate for giving up 
almost all other amusements, Sundays 
and evenings included, are attracted. 
Another difficulty is that the more im- 
portant problems require money for 
their running expenses, and it seems 
difficult to get money for this sort of 
work. Some of the brethren, moreover, 
look down on us because our efforts are 
not in the line of pure science. 
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By Dr. D. B. KEYES 


PROFESSOR OF INDUSTRIAL CHEMISTRY, UNIVERSITY OF ILLINOIS 


Some time ago we were all shocked by 
the announcement in the newspapers 
that a catastrophe had occurred in the 
Meuse Valley in Belgium. A mysterious 
fog with apparent toxic properties set- 
tled down in the valley one day and 
caused wide-spread suffering and some 
deaths. 

The whole world was alarmed by this 
catastrophe. A great many different 
theories were formulated by scientific 
men throughout this country and other 
countries as to the cause of this mysteri- 
ous toxic fog. 

It so happened that we were investi- 
gating in the Chemical Engineering Di- 
vision of the Engineering Experiment 
Station at the University of Illinois the 
air pollution by sulfur dioxide formed 
from the sulfur contained in our Mid- 
west coals. It was our theory at that 
time that sulfur dioxide from the burn- 
ing of coal by industries and residences 
in this valley was oxidized in the atmos- 
phere to sulfur trioxide and combined 
with the water in the fog to form sul- 
furie acid. In other words, the natives 
of this valley had been subjected to a 
rain of sulfuric acid. Apparently the 
atmospheric conditions were such that 
this oxidation could take place due to the 
presence of water and oxygen, and fur- 
thermore, that the sulfuric acid fell to 
the ground due largely to the lack of 
movement of air. 

An official commission was formed in 
Belgium to investigate the catastrophe. 
They reported in the latter part of 1931. 
It is interesting to know that their final 
verdict on the cause of this calamity 
corresponded closely with our theory de- 
veloped approximately a year ago. 


1The author has based this article on the 
work of Professor H. F. Johnstone and Pro- 
fessor R. D. Snow, of the Chemical Engineering 
Division of the Engineering Experiment Sta- 
tion, University of Illinois. 
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We need not be alarmed that such a 
calamity will ever occur in our locality. 
The possibility of such a thing happen- 
ing is extremely small when we recog- 
nize the fact that certain particular 
conditions must prevail in order to bring 
it about. We are, however, deeply inter- 
ested in the general subject of air pollu- 
tion because it is a well-recognized fact 
that the air in our cities is not what it 
should be. 

Our scientific men, engineers and pub- 
lie officials should be congratulated on 
the able work that has been done in 
order to produce pure water for our 
towns and cities. On the other hand, 
they should be censored for their lack of 
interest in the problem of air purifica- 
tion. The residents of our large towns 
and cities are not only subjected to sul- 


fur dioxide but are also required to 
breathe air containing a relatively high 


percentage of solids. This dust is not 
only detrimental to lung tissue and is 
undoubtedly the carrier of bacteria, but 
also it cuts down the sun’s radiation to 
a very marked extent. One of the great 
problems of modern civilization is the 
purification of air for our cities. 

This sulfur dioxide problem may be 
attacked in two ways; first, the removal 
of sulfur dioxide from the flue gases ; sec- 
ond, the removal of sulfur from the 
fuel. We have done preliminary work 
along both lines at the University of Ili- 
nois. I am pleased to say that we have 
already obtained interesting and worth- 
while results. 

It is a well-known fact that sulfur di- 
oxide in flue gases, even though it be 
present to the extent of only 0.3 per 
cent., may be eliminated by scrubbing 
the gases with water. The partial pres- 
sure of sulfur dioxide in water is unfor- 
tunately so high when it is present to 
any appreciable extent that it becomes 
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necessary to use enormous quantities of 
water. Extensive work along these lines 
has been done in connection with power 
plant development in England. Prelim- 
inary figures show that the cost of this 
operation is prohibitive. 

Our investigators believed that it 
would be possible to change the sulfur 
dioxide to sulfur trioxide by oxidation 
using the oxygen present in the flue gas. 
Sulfur trioxide differs from sulfur di- 
oxide in that its partial pressure in a 
water solution is small in comparison. 
It should therefore be possible to absorb 
the sulfur dioxide and a sufficient quan- 
tity of oxygen from the flue gases in 
water, in the presence of a suitable 
catalyst to convert the two to sulfur 
trioxide and sulfuric acid. Preliminary 
investigations have shown that both iron 
and manganese sulfate when present in 
relatively small amounts in the wash 
water are suitable catalysts for this par- 
ticular reaction. 

It was soon found, however, that there 
was an inhibitor present which pre- 
vented the catalyst from remaining 
active over a period of time. Investiga- 
tions show that the inhibitor present in 
most flue gases was a phenolic substance. 
The next problem was the problem of re- 
moval of this inhibitor. 

Many months were spent investigating 
a great many different schemes for re- 
moving this inhibitor. It was finally 
found that the application of a direct 
electric current over a short period of 
time would completely eliminate the in- 
hibitor present in the wash water. An 
oxidation reaction takes place and ap- 
parently completely destroys the phe- 
nolie bodies. It is not necessary to ap- 
ply the current except very occasionally 
and then for only a short period of time. 

Laboratory tests and small scale tests 
in our power plant utilizing actual flue 
gases show that it is possible to eliminate 
approximately 95 per cent. of the sulfur 
dioxide present in our flue gases. These 
tests have also shown that one gallon of 
wash water will be able to treat approxi- 





mately twenty-five hundred cubic feet of 
flue gas. This is considerably better 
than the results obtained in England. 
It is believed by men in the industry 
that such a process can be developed to a 
satisfactory scale and will become eco- 
nomically possible in its industrial utili- 
zation. 

There are, however, other problems 
that must be solved before this utiliza- 
tion will be possible. For example, we 
have known that one of the great difficul- 
ties involved in large scale application 
of this process is the production of suf- 
ficient surface of contact between the 
liquids and the gases. This surface of 
contact is necessary in order to effect 
sufficient solution of the oxygen from the 
flue gases. A definite concentration of 
oxygen in the liquid is required for this 
reaction. We not only need sufficient 
contact surface but we also need suffi- 
cient time of contact. The rate of oxy- 
gen dissolution is relatively slow as 
compared to the more soluble gas, sulfur 
dioxide. This means, from a chemical 
engineering standpoint, that it is neces- 
sary to have scrubbing equipment which 
will permit a rapid changing of the liq- 
uid film. 

It is recognized in all liquid gas reac- 
tions, whether they be physical or chem- 
ical, that two films exist which offer the 
greatest resistance towards diffusion of 
molecules. One is the gas film imme- 
diately above the liquid surface and the 
other is the liquid film immediately be- 
low the gas film. These two films are 
recognized to be practically stagnant 
under normal conditions. It is easily 
seen, therefore, why it is difficult for 
molecules, especially large ones, to pass 
through these films. It so happens with 
the less soluble gases, the liquid film is 
more resistant than the gas film. It will 
therefore be necessary to take this fact 
into account in the design of a suitable 
scrubber, and move the surface of the 
liquid constantly in order to minimize 
the liquid film. It will not be permitted 
to use the ordinary spray type of scrub- 
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ber because in this case the liquid film 
in the droplets remains practically sta- 
tionary during the entire time of contact. 

It is important, on the other hand, to 
utilize a type of scrubber with very little 
back pressure because the economics of 
handling these gases is such that it will 
be impossible for us to make use of any 
high pressure blowers or similar devices. 
In fact it is imperative to keep within 
a pressure not greater than that exhib- 
ited at the base of an ordinary flue. This 
eliminates from consideration the pas- 
sage of the flue gases through a body of 
liquid, even though such a device would 
be satisfactory from the standpoint of 
elimination of the liquid film. Just ex- 
actly how this problem will be solved is 
not definitely known. We believe, how- 
ever, there is a possibility of utilizing 
what is known as a filled column in 
which the liquid passes down through 
many channels, over the surface of a 
solid, coming in contact with the gases 
passing up. 

It should be noted that whatever type 
of equipment is finally selected for the 
scrubbing of these gases it will be neces- 
sary, in all probability, to remove most 
of the solids present in the flue gases 
prior to their entrance into this equip- 
ment. Otherwise the equipment will 
soon become inefficient in its operation. 
This may be considered as a fortunate 
difficulty because in the last analysis 
the problem will never be solved until we 
not only remove the sulfur dioxide but 
all solid matter from the gases going to 
the atmosphere. 

I have stood at the window on the 
upper floor of a tall building in New 
York City and noted the cloud overhang- 
ing the city was apparently not com- 
posed of carbon particles but inorganic 
matter—in terms of the power plant de- 
signer, fly ash. Analyses have shown 
that it is largely silica which is removed 
with great difficulty either by scrubbing 
processes or by electrical precipitation, 
the common methods now in use. The 
particles are extremely small and grav- 
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ity methods are practically out of the 
question. 

The natural conclusion is the serub- 
bing equipment must eliminate at least 
a portion of the solids from the flue 
gases. Experiments at the University 
of Illinois have indicated that the type 
of equipment which is necessary for the 
removal of the sulfur dioxide will prob- 
ably remove most of the remaining solid 
particles. 

It is my personal opinion that some 
of the sulfur dioxide which reaches the 
ground, coming originally from a flue, 
rides down on the surface of solid par- 
ticles. We have no experimental evi- 
dence to prove or disapprove this state- 
ment. If this statement is true, any de- 
vice for the removal of solid particles 
will materially help in the removal of 
sulfur dioxide. 

It is recognized that no matter how 
successful we are in the elimination of 
sulfur dioxide from flue gases, the ques- 
tion of purifying the air in our large 
cities will never be completely answered 
by this work alone. 

There are many thousands of resi- 
dences in Chicago using coal as their 
source of heat. This coal has an ap- 
preciable percentage of sulfur and there- 
fore if it became necessary to remove the 
sulfur dioxide, it would mean the instal- 
lation of many thousands of scrubbing 
columns and chemical plants in the 
homes of Chicago. Such a thing from a 
practical and economic standpoint is ut- 
terly impossible. 

It will be necessary to remove the sul- 
fur from the coal before it is burned, a 
very difficult problem, in order to rem- 
edy the entire situation. We have done 
considerable research work in the Chem- 
ical Engineering Division here at the 
University of Illinois on this subject. 

It is well known that there are two 
types of sulfur present in our Mid-west 
coal, one pyritic sulfur and the other so- 
ealled organic sulfur. This organic sul- 
fur has never been isolated. No one has 
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ever seen it. No one has the least idea 
what its composition is. It is called or- 
ganic sulfur because of its tendency to 
dissolve in certain organic solvents and 
because it can not be mechanically sep- 
arated from the carbon and hydrogen 
compounds. 

The pyritic sulfur can be removed to 
a certain extent by the well-known coal 
washing processes. If coal is finely pul- 
verized so that the particles are some- 
what similar in size, the pyrite, having a 
considerably greater density, has a ten- 
dency to fall faster through a water or 
any other medium than the coal particle. 
This is the basis of coal-washing proc- 
esses. 

Various engineering concerns have de- 
veloped these washing processes until 
they have become wonderfully efficient. 
We can expect, however, to eliminate 
not much more than 20 to 25 per cent. 
of the total sulfur in the coal by such a 
process. In those cases in which mechan- 
ical cleaning is economically feasible, 
we feel that as much as possible of the 
sulfur should be removed by that 
method. However, even after the maxi- 
mum beneficiation obtainable by mechan- 
ical cleaning has been accomplished, 
there still remains in the coal all the or- 
ganic sulfur and also the sulfur present 
in the form of fine pyrite particles 
widely disseminated throughout the coal 
substance and hence not amenable to 
mechanical treatment. For the removal 
of the sulfur present in these forms, 
other methods of sulfur elimination, pre- 
sumably involving chemical changes, 
must be devised. 

To begin with, the pyritie sulfur can 
be oxidized by air when the ground coal 
is suspended in water, the oxidation 
products being largely soluble sulfates. 
We have found at the University of Illi- 
nois that certain catalysts speed up this 
reaction. Of course the higher the tem- 
perature, the faster such a reaction. It 
is believed possible that such a process 
might remove as much as 50 per cent. of 
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the total sulfur. Unfortunately the dis- 
solving of the sulfur oxidation products 
from the coal particle without the addi- 
tion of mineral acids is a long and tedi- 
ous process. The sulfate clings tena- 
ciously to the surface of the carbon par- 
ticle. In other words, the salt is highly 
adsorbed on the surface. This difficulty 
may prevent the process being used 
alone. 

The ordinary coking process for coal 
has a tendency to drive off some sulfur. 
However, in the presence of such reac- 
tive gases as hydrogen, a large propor- 
tion of the sulfur is eliminated in the 
form of hydrogen sulfide which can be 
easily absorbed and removed. Our in- 
vestigations at Illinois have shown that 
it is quite possible in the laboratory to 
remove approximately 60 per cent. of 
the sulfur in the form of hydrogen sul- 
fide, by what might be termed an instan- 
taneous coking process, using hydrogen 
or hydrogen-containing gas as the re- 
agent. Crushed coal is allowed to fall 
through a zone through which hydrogen 
is passing. This, of course, must be done 
at relatively high temperatures. 

It is especially interesting to note that 
coal treated by the air oxidation process 
formerly mentioned and then subjected 
to carbonization in hydrogen contains 
only approximately seven per cent. of its 
original sulfur. In other words, the 
combination of these two processes 
means a removal of approximately 93 
per cent. of the sulfur. 

It can not be said that the results so 
far obtained in our investigations prove 
conclusively that the economic removal 
of most of the sulfur from our Illinois 
and Mid-west coals is an assured fact. 
We do feel, however, that the results so 
far obtained indicate that such a process 
is possible, though it undoubtedly will 
take considerable time and energy before 
the difficulties involved are overcome. 

These investigations should contribute 
materially to the final solution of the 
general problem of air pollution. 
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On ty a few years ago the leaders in 
physics had arrived at the conclusion 
that the greatest discoveries in physical 
science had already been made and that 
there was left for future research only 
a repetition of the earlier experiments, 
with that degree of patience and accu- 
racy in the performance which would 
add certainty to one more decimal fig- 
ure. Then came the discovery of x-rays 
and radioactivity and the isolation and 
measurement of electrons with all the 
epoch-making researches to which these 
gave rise. Now it is generally believed 
that there has been no period in the 
history of physics so fruitful of progress 
as the thirty years just passed. Physi- 
cists of to-day believe that many of the 
older experiments may, upon being re- 
peated, disclose new facts and new 
suggestions for investigation, that no 
physical law is a finished and closed fact. 
In any of the experiments of fifty or a 
hundred years ago there may have been 
phenomena overlooked or residuals un- 
interpreted, which in the light of our 
day may be fruitful suggestions of a 
broader and more complete understand- 
ing. 

With this present-day liberal attitude 
let us look at the problem of the origin 
and destiny of energy, to recall what 
notions were held regarding these con- 
cepts in the century just passed and to 
show how the problem is being solved in 
the light of the new physics of our day. 

We have just witnessed the appro- 
priate and very elaborate celebration, in 
London, of the centennial of the discov- 
ery by Michael Faraday of the relation- 
ship between electric currents and mag- 
netic fields. We have had pointed out 
that the world in every phase has been 
revolutionized by that discovery. With 


equal appropriateness we might cele- 
brate another discovery which barely 
preceded the work of Faraday, the dis- 
covery of the relation between heat and 
work, that is, the relation between heat 
energy and mechanical motion; and we 
might equally well say that the results 
of this discovery have been no less revo- 
lutionizing. In fact, the first half of 
the nineteenth century was marked by 
gigantic strides in all fields of scientific 
thought which have borne fruit for a 
hundred years and continue to stimulate 
the most active scientific minds of our 
own time. It is because of the fact that 
some of the ablest research of recent 
years has its roots back in the pioneer 
work of the previous century that it 
seems appropriate to call attention to the 
principal facts concerning the relation 
of heat and work and to the conse- 
quences of that relation. 

If the students of to-day had lived 
only a little more than a century ago, 
they would have been taught that heat 
was a kind of fluid which could be given 
to or taken from bodies at will. Because 
the density of the heat fluid, caloric, was 
regarded as so immeasurably small, neat 
was classed along with the imponder- 
ables of that day. But such a miscon- 
ception was destined to be short-lived. 
In fact, the whole classification of im- 
ponderables was but a blanket under 
which to hide want of information, and 
under the convincing argument of labo- 
ratory experiment it soon had to yield 
and disappear. Count Rumford, in 
boring cannon for the Austrian Govern- 
ment in 1798, proved that heat was de- 
veloped in proportion as the boring tools 
became dull, and Sir Humphry Davy 
melted ice below the freezing tempera- 
ture of water by no other means than the 
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friction developed by rubbing pieces of 
ice together. For forty years the nature 
of heat remained in question. Then 
Mayer, a German physician, observed 
that his patients in Europe yielded 
darker blood, when bled as a cure for 
fever, as compared to his patients in 
Java. He reasoned that in cooler cli- 
mates greater bodily heat, accompany- 
ing better oxygenation of the blood, was 
secured at a greater expenditure of mus- 
cular activity. Mayer was able to make 
some calculations from some new work 
by Regnault at Paris on the specific 
heats of gases at constant volume and 
constant pressure, and these results 
proved his assumption that mechanical 
energy and heat energy can be con- 
verted, the one into the other. The next 
step was immediately forthcoming, that 
they are but manifestations of the same 
thing. 

It should be stated that the brilliant 
and precise work of the English physi- 
cist Joule in 1840 finally established the 


identity of work and heat and their 


quantitative relation for all time. The 
experiments of Joule had as a back- 
ground the theoretical work of Sadi 
Carnot. Carnot, a French engineer, 
published a paper in 1824, the results of 
careful observation and shrewd insight 
into the processes of nature which in 
the ideal state he called cyclical changes. 
He imagined that a body of perfect gas 
at high temperature might be drawn 
from a source, trapped in a closed sealed 
cylinder and allowed to expand. Dur- 
ing the expansion heat disappears, tem- 
perature drops and mechanical work, 
that of increasing the volume of gas 
against resistance, is done. Now if the 
gas is put into the condition so the 
process can be repeated, it must be com- 
pressed. Compression will heat the gas, 
but if heat is abstracted in part, while 
the volume diminishes to that of the 
original, the temperature may be 
brought again to that at the beginning. 
The cycle has consisted in supplying 
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heat while the gas in expansion is hot 
and taking it away while the gas in 
compression is cool, with the net result 
of a gain in work and a sacrifice in heat. 
Now the whole process of a heat-working 
device, which is the underlying principle 
of all nature’s transformations as well 
as all man-made heat-operated machines, 
was summed up by Carnot in the state- 
ment that the efficiency of all heat- 
transforming devices is measured by 
dividing the heat which disappeared, 
that is, the quantity supplied minus the 
quantity rejected, by the quantity sup- 
plied. Another expression for this law 
of absclute efficiency is the second law of 
thermodynamics, which, to use the lan- 
guage of the German physicist, Clausius, 
says: ‘‘It is impossible for a self-acting 
machine, unaided by any external 
agency, to convey heat from one body to 
another at a higher temperature.’’ It is 
clear that no heat-to-work transforma- 
tion can be a hundred per cent. efficient 
unless there is no heat rejected, which 
means that when the transformation is 
complete the expanded gas must be 
absolutely cold, that is, at absolute zero, 
273 degrees below the freezing tempera- 
ture of water. 

Now every one knows that we have, 
on the earth, no such ideal cold regions 
with which to surround our engines so 
that the efficiency is certain to be less 
than perfect. In fact, the difference 
between the temperature of source and 
sink is so small relatively that the best 
of our devices reaches only 50 per cent. 
or less. Whenever heat is drawn for the 
production of work it comes to us with a 
mortgage. That mortgage, when paid, 
represents the unavoidable loss. Fur- 
ther, due to loss by conduction and 
through friction, our ordinary machines 
entail a commission charge which must 
be added to the mortgage. This further 
increases the loss and drain on our 
sources of heat and raises the tempera- 
ture of the sink. Every working 
machine we know therefore tends to 








THE ORIGIN AND DESTINY OF ENERGY 


further the leveling of temperature of 
sources and sinks until at some distant 
day there must be a common tempera- 
ture everywhere on the earth. From 
these conclusions it is clear, therefore, 
that from the foundations of the earth 
perpetual motion was outlawed. 

And now look beyond the earth and 
consider what takes place among the 
stars. These are our greatest known 
sources of heat, of which our sun is one 
small example. For past eons of time 
these great white hot bodies have been 
pouring radiant energy into space. 
Under our older conception of limitless 
space this heat never could return. It 
meant that every blazing sun was sur- 
rounded by an infinity of volume into 
which the heat rays traveled forever. 
Here and there might be a planet which 
intercepted scme of the radiation and 
whose temperature might therefore be 
raised, or a sun which captured a little 
more energy than it already had, only 
to pass it on again later, into the depths 
where its dissipation was complete. 

Consideration of the fate of the heat 
of the universe led Clausius to speak of 
its inevitable loss as the ‘‘ Wairmetod,’’— 
the heat death; and Lord Kelvin, 
through similar reasoning, announced 
the general principle of the ‘‘Dissipa- 
tion of Available Energy.’’ According 
to this view, every century, indeed every 
year, sees our bank account of potential 
energy decreased and dissipated into 
heat and the heat radiated away beyond 
recovery, sees also a common tempera- 
ture of the earth and the universe 
approaching. The activity of the uni- 
verse, then, tends steadily toward a con- 
dition of stagnation, a ‘‘Gétterdimmer- 
ung,’’ in the language of the old German 
myth, which means the twilight of the 
gods, a condition of everlasting night 
when men and gods shall fall into end- 
less rest and sleep. 

Ana if Clausius and Kelvin have seen 
the picture as it is, then what of yester- 
day, a century ago, the beginning of our 
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eon? There must have been a time 
when there was less heat energy, indeed 
a time when there was none. Our 
thought goes back to that morn of crea- 
tion when the universe, wound up like a 
clock, was set going and before the 
second law of thermodynamics, with its 
inevitable dissipation, was made a stat- 
ute. No better argument for the doc- 
trine of the deus ex machina could be 
made. One can but wonder how much 
the second law and its 
have had to do with the shaping of that 
doctrine. Our picture of the beginning 
and end of the universe is certain to be 
characterized by the limits of our own 
thinking. We attempt to base our con- 
clusions upon facts as we see them, but 
the facts may not all be revealed. It 
will be remembered that Galileo’s tele- 
scope showed the true relations of the 
sun, the planets and their satellites and 
completed the overthrow of the Ptole- 
maic system and established that of 
Copernicus. 

For a period of nearly seventy-five 
years physicists have the 
problem of the origin and destiny of the 
energy of the universe. The idea that 
the heat of the sun and stars comes by 
their own combustion, as if their sub- 
stance was burning coal or reacting 
chemicals, was early abandoned. The 
enormous rate of emission would bring 
them to cold dark bodies within a few 
hours or under the most favorable con- 
ditions within two or three years. More 
thoughtful consideration was given to 
the hypothesis that a rain of meteors on 
the sun’s surface would account for the 
heat and light radiated. In 1854 Lord 
Kelvin published a calculation in which 
he showed that the sun’s surface would 
necessarily acquire each year an addi- 
tional layer of material sixty feet deep 
and that the newly received bodies must 
strike the sun with a velocity of 276 
miles per second in order to produce the 
outflow of energy. It is doubtless true 
that some small fraction of the sun’s 
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energy is produced in this way, but it is 
doubtful whether it is any considerable 
part of the whole. 

A much more plausible theory of the 
origin of stellar energy was that of con- 
densation. If the sun’s mass was origi- 
nally in the vapor state, vast amounts 
of energy must have been liberated 
while it contracted to the present size. 
In the light of the newer physics, Sir 
Arthur Eddington at Cambridge has 
determined an upper limit for the age 
of the sun from the energy produced by 
its contraction since a temperature of 
3,000 degrees was reached. He con- 
cludes that the sun has existed for about 
twenty million years. While this is a 
vast period of time it will be seen that 
it is too small to meet the demands of 
the biologist, geologist and astronomer. 

There have always been minds to 
which the ‘‘ Wairmetod,’’ the idea of the 
dissipation of available energy and the 
consequent asymptotic ending of the 
universe, is not satisfactory. There are 
those who doubt whether the second law 
of thermodynamics is always and every- 
where true. Perhaps even now some- 
where in the universe there is a source 
of potential energy, where new available 
energy and heat are being created. 
Whatever the final facts are found to be 
the ultimate end of the universe has 
been greatly postponed if not indefi- 
nitely removed. The down slope of the 
energy-time curve has been found to be 
much less than it was thought to be half 
a century ago. 

One of the greatest contributors to 
our increased breadth of view is Ein- 
stein. Whatever challenge his theory of 
relativity may yet have to meet, we 
must admit that in much it has been 
signally victorious. One of its foremost 
successes is its prediction of the identity 
of matter and energy. Maxwell at 
Cambridge in 1881 predicted in his 
electromagnetic theory of light that a 
beam of radiation incident on an ab- 
sorbing surface should exert pressure 


on that surface equal to the energy of 
the beam. Lebedew at Moscow and 
Nichols and Hull at Dartmouth experi- 
mentally verified the existence of light 
pressure and proved therefore that 
radiation has momentum, one of the de- 
fining properties of matter. The impact 
of the sun’s radiant heat and light upon 
the earth exerts a force which totals 
60,000 tons. 

While we had left to us the ether of 
space so fundamental in Maxwell’s 
theory, the momentum of light was asso- 
ciated with the mass of the ether and 
our concepts of matter and energy were 
separate, but since Einstein, in his 
theory of relativity, finds no need for 
the ether we now must identify the mo- 
mentum with the light energy itself, 
which is to say, that matter and energy 
are the same thing. As a confirmatory 
proof of this identity, the eclipse expe- 
ditions of 1919 and 1922 reported that 
the light of stars was curved from its 
straight line path when passing close to 
the sun, exactly in accord with the cal- 
culations based on the theory of relativ- 
ity. This has been regarded as strong 
proof of the material nature of radiant 
energy. 

Assuming that matter and energy are 
the same, Sir James Jeans has shown 
that a body which radiates energy at the 
rate of 50 horse-power loses weight at 
the rate of one and one fourth grams 
per century. By the same calculation 
the sun is exhausting its mass at the 
rate of 250 millions of tons per minute. 
Therefore the sun weighs 360,000 mil- 
lion’ tons less to-day than yesterday. 
Five or ten million years ago our sun 
was twice as large as now. 

In this process of direct transforma- 
tion of matter into energy the method 
represents the maximum possible effi- 
ciency. Compared to it our engines 
yield about one one hundred millionth 
of one per cent. If a drop of water 
were wholly transformed to energy it 
would yield 200 horse-power continu- 
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ously for a year. On this basis a pound 
of coal would do the work for which we 
now require five million tons. In this 
process there is no sink, there is no ash, 
no heat waste, all mass becomes energy. 
Out of an atom an electron escapes to 
freedom and finding a like privileged 
positive ion, the two are paired in an 
everlasting union and annihilation—a 
train of waves starts across space. 
Atoms and electrons are done away, and 
in their stead there appears a blazing 
star. 

In another important respect relativ- 
ity has brought us a change in our point 
of view—that regarding the limits of 
space. What we formerly thought was 
an unlimited universe has come to be 
bounded and limited. Just as by mea- 
suring the curvature of a limited por- 
tion of the earth, its radius can be 
determined, so in an analogous way the 
density of the distribution of matter 
determines the size of the universe and 
shows that space is rounded back on it- 
self. Some idea of the immensity of the 
universe may be obtained by measuring 
distances by the velocity of light. We 
know that light will travel seven times 
around the earth in a second. It will 
pass around the universe in 6,000 mil- 
lions of millions of millions of years. If 
the earth were represented by the size 
of an atom, then the limits of our larg- 
est telescopes would be the radius of the 
earth, and the universe is a thousand 
million earths. This is a measure of our 
change of understanding of our uni- 
verse since the time of the first astrono- 
mers. 

Within the time in which our views 
regarding mass and space have changed, 
our ideas regarding the age of the earth 
have also been modified. N one now 
believes that the Biblical record of the 
earth’s history was meant as an accu- 
rate statement of time. The infallible 
record is written in the earth’s struc- 
ture itself, although the interpretation 
is somewhat difficult. A seemingly suc- 


cessful method of measuring the age of 
the earth is offered by determining the 
ratio of quantities of uranium and lead 
found in the igneous rocks. The history 
of the method dates from the discovery 
of radioactive matter by the French 
physicist Becquerel, in 1896. About 
ten years later Rutherford and Soddy 
at Montreal showed that radium, which 
represents the fifth transformation of 
matter after uranium, disintegrates into 
two gases, radon and helium. The 
radon disintegrates in turn through 
four generations and finally becomes 
lead. From the rate of the formation 
of lead and the mass ratio of uranium 
to lead found in the rocks, it has been 
calculated that 200 million years have 
elapsed since the rocks of the coal age 
were formed. The lower Precambrian 
rocks are 1,300 million years old. And 
these rocks are intrusions in the sedi- 
mentary rocks, so that the ocean has a 
still greater age. By this method of 
estimation Professor Russell at Prince- 
ton has shown that the age of the oldest 
rocks is at least 2,000 million years. 
Now if the temperature of the earth in 
the original gaseous state can be safely 
estimated, the laws of cooling are suf- 
ficiently well established to determine 
the time required for the gas mass to 
become liquid. Making reasonable as- 
sumptions for the energy content of the 
earth vapor, figures show that 5,000 
years were required for the earth’s 
liquefaction and 10,000 years for its 
solidification. It is very probable there- 
fore that 15,000 years elapsed before 
the oceans were condensed and came 
into being. 

In considering the réle of condensa- 
tion in the production of heat and light 
of stars, Eddington at Cambridge has 
made some calculations on the bright 
pulsating star delta-Cephei. This inter- 
esting star is 700 times brighter than 
our sun and 60,000 times farther from 
the earth. It has a mass ten times 
greater than the sun and a temperature 
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which varies from 6,000 degrees at the 
surface to six million degrees at the 
center. It fluctuates in brightness from 
a maximum to a minimum in five and 
one third days. If condensation ac- 
counts for the brightness, then the 
period of pulsation should change by 
seventeen seconds per year. Observa- 
tions show, however, that since 1848 the 
period has been entirely uniform and 
the change since 1785 has been less than 
1/150 of what it should be. 

Eddington has pointed out also that 
in order that the star mass may not 
collapse under the enormous pressure of 
the upper layers there must be a large 
temperature gradient from center to 
circumference. Either the acquisition 
of meteoric bodies or the condensation 
of mass must add energy only to the 
outside and collapse can not be pre- 
vented by feeding the gradient at the 
wrong end. Eddington concludes there- 
fore that neither hypothesis can ac- 
count for the energy, although either 
may contribute a part. 

At the present time the physicist 
knows of only three possible ways by 
which the heat of the universe can be 
produced, the breaking down of com- 
plex elements as in radioactivity, the 
building up of more complex elements 
from simpler ones and the complete 
transformation of matter into energy. 
The last of these has been accepted by 
Jeans and Eddington. 

Early studies in radioactivity showed 
that a mass of radium evolves enough 
heat every hour to melt its own weight 
of ice, and twelve hundred years are re- 
quired for half its mass to transform 
into its products, radon and helium. 
But if the enormous heat of the stars is 
to be explained on the basis of radio- 
activity then there must be assumed in 
the stars the presence of elements tre- 
mendously more radioactive than any 
we now know on the earth. It is not at 
all likely that absolutely every trace of 
such elements should have been entirely 
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erased from the rock records of the 
earth’s history. 

The second of the methods has been 
suggested by two contemporary lines of 
research, both of which originated at 
Cambridge. Through a period of twenty 
years Sir Ernest Rutherford and his co- 
workers have shown that gases, nitrogen, 
oxygen, chlorine, etc., when bombarded 
by alpha particles, that is, positively 
charged atoms of helium, have their 
molecules and atoms broken up. Analy- 
sis of the products by a magnetic field 
reveals the presence of hydrogen from 
such collisions. 

Parallel with these successes Aston 
has analyzed, also by a magnetic field, 
the gas atoms which have been disinte- 
grated by the rough treatment received 
in a low pressure tube which transmits 
an electrical discharge. From the in- 
terpretations of the mass spectra in these 
experiments we know that the nuclei of 
the heavier elements are aggregates of 
the nucleus of hydrogen. 

Aston has pointed out that if the atom 
of oxygen is given the atomic weight 16 
then most of the other elements have 
atomic weights which are very nearly 
whole numbers. Hydrogen is the notice- 
able exception which has an atomic 
weight 1.008. In the formation of helium 
of atomic weight 4, from hydrogen 
atoms, there is therefore a loss of mass 
of .008 or 0.8 of one per cent. of the 
hydrogen. Calculation shows that if 
our sun’s energy is to be accounted for 
by the transformation of this matter 
into energy, and transformations of all 
other elements can probably be neglected 
in comparison, then it must be assumed 
that the whole of the sun was originally 
hydrogen. If it were so composed, its 
existence, past and future, can not ex- 
ceed a hundred billion years. While 
this just about satisfies the time require- 
ments imposed by other considerations, 
it is none too liberal. It has been ar- 
gued that the stars are not hot enough 
to bring about the formation of helium 
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from hydrogen. The recent physical 
experiments compel us to believe, how- 
ever, that somehow, somewhere this 
transformation has taken place and 
where, it has been asked, can one find a 
hotter place than in the stars. 

On the third hypothesis, that of mass 
transformation, the time scale for the 
existence of the sun and stars is in- 
creased at least a hundred fold. The 
first evidence of the identity of matter 
and energy was suggested by the experi- 
ments of Sir J. J. Thomson in 1881. He 
showed that an electric charge in motion 
possesses inertia or mass due to that 
charge. Later, in the Kaufmann- 
Bucherer experiments, it was shown 
that the mass of an electron is propor- 
tional to its velocity, which leads 
directly to the conclusion that an elec- 
trie charge at rest has no mass at all 
and hence matter and electricity in mo- 
tion are identical. This conclusion is 
responsible for the frequent statement 
that all matter is electricity. 

It would appear that the foundation 
for Einstein’s hypothesis of identity of 
matter and energy was experimentally 
well established. While we have not 
been able to change matter to energy in 
any laboratory experiment there is no 
reason to believe that it does not take 
place under the conditions of enormous 
pressure, temperature and density 
which are found inside the stars. We 
may never be able to reproduce on earth 
these unusual conditions and it may be 
we are denied this privilege for oar own 
protection. We must bear in mind that 
our world with all the diversity of con- 
ditions and life upon it is a most un- 
natural occurrence in the universe. Sir 
James Jeans says we should have to 
visit thousands of millions of stars be- 
fore finding a planetary system as re- 
cent in creation as our own, and we 
should have to visit millions of millions 
of stars before finding a planet on which 
civilization is as recent a growth as that 
of the earth. 


Before leaving the hypothesis of 
transformation of matter to energy it 
should be mentioned that there are 
some difficulties. Eddington, who is 
perhaps the strongest advocate of the 
theory, suggests that we should expect 
the greatest sources of heat to be in the 
newer stars and especially we should 
expect it where the gravitational density 
and temperature are highest. There 
are, however, sO many contradictions 
and exceptions that no coordination can 
yet be seen. The theory can be treated 
only as a working hypothesis, a starting 
point for investigation. 

A new and promising contribution to 
the whole problem of the origin of en- 
ergy as well as an escape from the 
**Warmetod’’ are the experiments of 
Professor Millikan at Pasadena. With 
zeal and insight which is characteristic 
of his work, Professor Millikan has for 
the past six years investigated the 
causes of the slow discharge of electro- 
scopes which occurred in the earlier ex- 
periments of the Canadian physicists, 
Rutherford and McLennan. It was 
thought by the earlier observers that 
the leak of the electroscopes was caused 
by ionization of surrounding air which 
in turn could be traced to radioactive 
elements in the earth’s surface. Milli- 
kan and his coworkers find that there is 
coming into the earth’s atmosphere 
from outer space a penetrating radia- 
tion of the nature of x-rays or gamma 
rays. These are the so-called cosmic 
rays. These rays represent energy ten 
times as great as the hardest gamma 
rays of radium. They will penetrate a 
six-meter wall of lead and discharge the 
electroscope 70 meters under water. 
The beam of radiation has been shown 
to be composed of three principal fre- 
quencies. Now, as already stated, the 
work of Aston shows that the formation 
of heavy atomic weight elements out of 
lighter ones involves the loss of matter, 
and Einstein’s theory shows that matter 
may be transformed into energy. Now 
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the cosmic ray frequencies coincide al- 
most exactly with the theoretical fre- 


quencies derived by assuming the for- 


mation of | 


‘hum and oxygen out of 
hydrogen and the formation of silicon 
and iron out of either hydrogen or 
helium, that is, the percentage loss of 
mass of hydrogen and helium is just 
sufficient to yield the observed wave- 
length when converted to energy, ac- 
cording to the theory. 

There is support to this suggested 
building of the elements in the fact 
that the abundant elements in the me- 
teorites, on the earth and in the stars, 
as revealed by the spectroscope, are just 
the elements whose formation could give 
rise to the three principal wave-length 
of the cosmic rays. Even the intensity 
band is greatest just where the 
Aston formation shows that greatest 
matter disappears and greatest amount 
of energy is thereby created. But there 
is present in the cosmic rays no ex- 
tremely high frequency corresponding 
to the high intensity which would be in- 
cident to the formation of energy by the 
annihilation of electrons and protons. 

Professor Millikan believes it is possi- 
ble that waves of energy radiating away 
from the stars toward the boundaries of 
space may by some unknown process 
condense into electrons. There, where 
there is no pressure and no tempera- 
ture, these charges may gravitate to- 
gether to form hydrogen atoms. These 
in turn, like the molecules in the forma- 
tion of erystals, may coalesce to form 
the heavier elements with the release of 
cosmic rays as a by-product. It is not 
difficult to imagine that the star dust 
may condense like water vapor into 
drops, to form the great star masses. 
These represent potential energy of 
mass separation. Thus the picture of 
the dissipation of energy and its refor- 
mation is complete. This inspiring bit 
of imagination is satisfying because it 
makes of the energy transformations of 
the universe a reversible cycle. 
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result of the almost r 


made by Einstein, 


hich has cor 
eckless assul 


Bohr, Deb 


Compton and the rest. If it ber 
ness, I believe we are much fart 


our quest for the tr 

risk these men took. 
For thirty years p 

engaged in analysis, 


active products, of at 


the spectrum and so 


uth becauss 


hysicists hav 
analysis of 
oms, of prot 
on. If Jear 


Eddington and Millikan want t 
at synthesis and if in their process 
overthrow our second law of then 


a reversible cycle, 
their right? 


namics in order to make of our ur 


who shall d 











RECENT TRENDS IN GEOGRAPHY 


By Professor STEPHEN SARGENT VISHI 


4 \ 
1 LY to the ancients imn¢ 1d a 
' 
studies of the earth and its life. It 
i with astronomy, mathematics 


osophy. In time most of wha 
nts included under geography 
studied by specialists in only a por 
vast field, and gradually be 
1own by special names. Geog 
refore, became the ‘‘ mother of 

neces. 


} 


yvvement toward specialization 


so great during the 19th century 
y people thought that there was 
left to geography but place 

and commercial geography. 


‘ate most of what was taught in 

‘an schools under the name of 
rraphy during the last half of the 
century were facts as to the location 
aces, and as to the products ex- 


l. Many leaders of to-day, trained 


} 


d, still think of geography thus nar- 
y, and for that reason it is often at- 
ked by those who do not realize and 

ppreciate its present status 

Geography has suffered, of course, by 

ss of many scientific men who spe- 

ed and became known not as geog 


phers but as geologists, anthropolo- 


gists, physiographers, ecologists, cli 
ologists, ete. It lost so much of its 
rmer prestige that it was scarcely 
ught in American universities at the 
d of the last century, and was not 
recognized as a distinct science by the 
National Academy of Sciences, or in 
Cattell’s ‘‘ American Men of Science.’ 
During recent decades, however, it has 
won increasing recognition, first in Ger- 
many and France, and, especially since 
the world war, also in Britain and the 
United States. At present geography is 
taught in most universities, and there 
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nee in most German unl- 
versities and in several important Amer- 
ican universities, including Wisconsin, 


Illinois, Princeton and Cornell. At Chi- 


cago, under the new grouping of depart 
ments, it is placed in both the social and 
the natural science groups 

Geography is well represented on the 


board of the Social Science Abstracts, 
the chairman of that board being a geog- 
rapher. It is included, however, only in- 
cidentally in the great Encyclopedia of 
the Social Sciences, now being published 
in several volumes. The failure of soci- 
ologists to more generally recognize that 
geography has a significant contribution 
to make to the social science discipline is 
due to the incomplete development as 
yet of social geography. 

Because of the fact that social geog- 
raphy depends not only on other phases 
of geography, but also upon history, 
sociology and economics, for much of its 
factual material, its later development is 
to be expected. As it gives promise of 
being of significant social value, it will 
be worth while to indicate some of its ob- 
jectives, and something as to its limits. 

Social geography is the study of how 
the environment influences people in 
considerable groups, not as individuals, 
families or corporations. It especially 
considers the variations in social ideals 
from place to place so far as their dis- 
tribution is affected by environmental 
influences. Hence the shifting centers 
of civilization, and the rise and fall of 
communities and of nations are subjects 
of particular interest to the social geog- 
rapher. Within a country the social 
geographer endeavors to discover what 
environmental influences help explain 
marked sectional differences in educa- 
tional efficiency, in the production of sig- 
nificant contributions to civilization, in 
the social health, including criminality, 
and in the political influence of areas. 
A special phase is the study of the con- 


trasts i produ 
Va US nas 

So | geograp! ! 
( I il? parts 0 | iS 
otnel SUDGIVISIONS oO 
econo geography 
I ts ol resources 
the social lite ind 1€@ais 
but it considers only ine 
all, the phases of econo1 
ordinarily studied, namely, 
tion and characteristic of t 
and the conditions affecting 
tion. 

Of regional geography, s 


raphy considers, to be sure, t! 
among the larger regions in 
topography, soil, climate and 
but it especially considers the 
tion of differences ordinarily 
the regional geographer, diffe 
example, in the output of lead 
death rate, in the ownership of 
literacy—in brief, in the social 
various kinds. Because of 
great local contrasts in condit 
cial significance, the social g 
pays attention to even the les 
sions of cities, towns and count! 
as they display significant cont 
social ideals. Local differene: S 
ample, in illiteracy, the birth 1 
in criminality are sought for 
social geographer who relates ft 
ferences so far as is practicable 
graphie differences 

In the domain of historical 
phy, social geography is little ¢ 
with the topics usually d 
namely, the effects of the weat} 
local topography or soil upon 
come of a battle, or in the geogr 
territorial changes made in tré 
peace. Instead, social geography 


a 


cerned with the geographic i 
that have effected the rise and fa 
tions, the survival or eliminat 
racial types, the changes in ideals 
have accompanied the migration « 
ples, the spread of language or of 
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nad t ru r ut t Hy 


reorl ) ~ ie | S | s ( 
R vreovTaD ] ( ~ 
| geogra} g 
:pher leaves . iat 
il reorTap S } S S ; 
, ] 
S ¢ ) l l pou ai ~ © 
ipitals fre) n 
fhis brief survey indicates the g 
. of social geography. Its main ob vie ; 
] £.,) f _ 
ves are to make Tull use OF all aval 
knowledge of the environment and i cael 
s influences In order to more fully un = 
] 64240027 ] 
rstand the customs, attitudes, and  gpn¢i, : 
ns of groups of peopl 2) Der 
Its chief methods are three: A study , weantios 
differences in the customs and att al 
CO! Iti S 
} M . M ; ] ] ler . . : 
les or ideals of originally closely simi- 
t : easilv w 
r peoples who, by reason of migration +} 
I ? . 5S a Py 1 
of local changes in the environment jopmaliy eo 
such as result from the exploitation of 4), , 
ie ‘ VW 4 


eviously unused mineral wealth, now ae eee 
ve different environments. A second I 


great method is the study of geographic , 
hee ductive envi 
vironments that are similar in most 4)... 
respects but are dissimilar in a few, in  , ‘ 
: . ; tive eau 
» effort to find the possible cause of the 
: aii . power 
observed differences in the social strue 2) @, 
ture. The third method is by studying 
; 2 : . . resources $ 
some special social feature, such as the 
it’é Sf) 
position of women, the conditions of hy- 
. » ° < mu ITV ~ 
giene, or the prevalence of labor disputes 
theretore S 


numerous environments to see whether 


they are correlated with any special 


vironmental condition. For example, 


the social geographer inquires whether ohn : p 
the production of leaders who have more “"“" eens Pp 
than local and temporary significance is ©" °” 
especially associated with any type of ®t ! 
climate such as a cool climate with econ of the res \] 
siderable seasonal range, and frequent oul ror 
changes of weather distances 

With so vast and difficult a field, and ™ 

oT | ha | { 


S with few qualified investigators to work 
little has yet been established. Never ner &€ 


theless a few generalizations have been 

deduced. Some of those suggested by econom 
Ellsworth Huntington and the present a) O 
writer may be summarized as illustr world's 
tions of the problems with which social number of 


g ography deals. lation This 














t42 


of talent requires an appreciative pub- 


lic, one which actively supports origin- 


Most of the 


hindered by tne conditions under 


ality. world’s people are 


which 
live from being able to effectively 


use and support most sorts of talent 


Areas within which it is rather hard to 
however, produce 
numerous leaders if the local social en- 
the lead- 


demand in other areas readily 


vironment is favorable, and if 


(6) Only a small part of the world 


now has a good social environment, be- 


cause In most places one or more of the 


These ele- 


en- 


‘ bw 1: 
essential elements 18S lacking. 


ments include a good geographic 
which among other character- 


and 


mental 


vironment, 


has a elimate cool enough 


istics 


variable enough to stimulate 


activity, but with sufficient warmth and 


moisture to permit profitable agricul- 


ture. A good social and _ biologic 
heredity is also required, as are facil- 
ities for the exchange of ideas. 

(7) Cities contain a much wider 


diversity of people and activities than 


do larger areas of comparable population 
This is because 


for 


not adjacent to eities. 
afford opportunities 


people of diverse abilities to obtain a liv- 


cities more 
ing. 
(8) The 


within a city 


contrasts in social ideals 
or other limited area are 
In general they corre- 
spond with the popular idea of the de- 
sirability of the district. Slight dif- 
elevation, effectiveness of 
transportation facilities, physiographic 
attractiveness, or leadership are often 
accompanied by marked differences in 
social ideals. This arises largely through 


often enormous. 


ferences in 


a process of social selection whereby 
people of various types sort themselves 
out as residents of different geographic 
areas. 

(9) In order fully to appreciate social 
attitudes, the effects of selection as well 
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as ot environn 


geographic 
adi quately considered As 
] 


creases, Selection operates 


powerfully, leading to s 
sharper contrasts among th 
lations and hence in their id 


example, in an area where t 


Is growing rapidly by 


people, the averages of 
optimism, mental alertness 
vigor are high. Correspo1 


mereial 
sented in 


ability is exception 
commercial eiti 
activity in edueational centers 
place 


and influence, 


simism in s losing rank it 
tion 
farming districts. 


(10 


civilization in one or more resp 


Even the areas that 
as climate, suitability for 
14 4 4 4 
culture, industrial activity, ; 

} a an 


re of coods and ideas. ne 


chang 1 ideas, 1 
lack considerable of being id 
perfection does 
the earth. 
extensively 


not eXISt any 

Hence each area 1 

supplemented fror 
areas. Any agency which fac 
ready exchange of goods and 
fundamentally socially advant 
Consequently it is extremely 
whether tariffs and taxes on tl 

of transportation and communicat 
as much good as harm. 

It will be readily conceded tl 
working hypotheses as the foreg 
distinctly thought-provoking and 
highly educational to those prepa 
consider them. If social geograp 
fectively accumulates data by whi 
hypotheses as these are tested, 
field of great 
merits encouragement, and incr 
study in our universities. If by ac 
lating data indicating their corr 
it can cause influential people t 
due account of even a few such ge! 
izations, it will exert a profound 
ence. 


social significance: 








PROHIBITION AND THE STRAW BALLOT 


By Professor H. H. MITCHELI 
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bservers say that, moré so than rv. @ - 
tion for forty or fifty years, what clos 
1 , ] | . 4 ‘4 
me will depend upon po.cies Streng ‘A 
in personalities. And among’ twenty-fiv 
> 4 ] _1 + 
s that interest vitally the mauled o 
n electorate at the present tim: rhe g 
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nee or the abandonment of pro signincal 
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n as embodied in the eighteenth corded them D 












ent to the Federal Constitution polls have b 
Atte npts to gauge this sentiment by the face \ 
¢ the fortunes of candidates to apparent suspic 
es who have announced pub-_ truly represent : 
ir stand with reference to pro- twenty n n 
eonfuse more than they en- were mailed S 
ehten, because of the inconsistencies turns rest t 
iled. A complete solution can be the straw ba 
d only by referring the amend- The ag ss . 
again to the people, preferably to lot can contrib 
state conventions elected for that pur- limited extent Tl 
se. Itis to be hoped that this method large number of peo] r 
ultimately be applied, and it ap- pile their mailing lists from pe 






rs not unlikely that it will be ap- classes and occupat res 
lin the near future. But untilthen parts of They 


er means of obtaining the desired tion their ballot ! 







rmation must be used. occupations and 
For this purpose the straw ballot has proportion ) their voting 
been resorted to by many agencies and But when this is done, the game } 






»heande TFT a 


with varied success, and, incidentally, out of their hand 







th varying results, depending mainly the different classes, « pations al 
ipon the section of the country covered, sections will respond is Ur peyo! 





1” ntro 


the class of people whose opinions their e | In part ir tne xtent 






ive been canvassed. The most am- to which those favorir 





f the question at issue w respond 


bitious of these straw ballots and the side of 
most widely discussed have been the two is out of their hands entirely 

polls sponsored by the Literary Digest, resentative character of the returns wit! 
ne in the spring of 1930 and one in the respect to the different classes and occu 







early months of the present year. In pations of people and the different 
each case more than twenty million bal- tions of the country can be judged if the 
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1] 7 | —s lh: ‘ 7 
ballots are marked with this informa 
tion. But the extent to which the 
pros and tl antis have accepted 


the invitation to express their opinions 
ean not be judged from any superficial 


the returns, and yet the 


examination ol ne 


accurate interpretation of the returns 
will depend directly upon this point 
If the incentive to vote is as strong for 
those of one opinion as for those of an- 
other, the poll can be interpreted at its 
face value, but if this is not the case, 
the returns may give a greatly distorted 
picture of popular sentiment. 

The incentive to vote in such an 
amiable contest as a straw ballot, where 
no political issue is at stake, will depend 
upon the questions asked. If it is a 
presidential poll, there is no apparent 
reason why, under normal conditions, 
the urge to vote among the supporters 
of one candidate should be any different 
than that among the supporters of his 
opponent. The fact that such polls have 
predicted accurately the outcome of a 
subsequent presidential election indi- 
cates that the straw vote was in fact un- 
biassed and that the followers of the two 
candidates must have voted to very 
nearly the same extent. 

jut in a prohibition poll, under pre- 
vailing conditions at least, the situation 
seems quite different. Those favoring 
the status quo may very well feel com- 
placent, with little inclination to express 
themselves in a ballot in which the 
status quo is not threatened or en- 
dangered. On the other hand, those dis- 
satisfied with the Eighteenth Amend- 
ment are apparently laboring either 
under a feeling of personal injury, or 
under a conviction that by reason of 
this amendment the government is un- 
warrantably infringing on the personal 
liberty of its citizens; or they may be in- 
spired by a horror of the official venality 
seemingly associated with prohibition 
enforcement, a horror of the apparently 
wide-spread evasion of it and a horror 
of the vice and crime it may appear to 


roster These feelings s 
articulate than a fee 
and may well constitut 
centive to vote 

The question of biassed 
straw ballot occasioned b: 
in the ineentive to 
‘ayes’’ and the ‘‘nays’’ 
beyond the stage of mere s 
It can be settled definitely by 


the proportions Ol ha TS 


favor of the proposition p1 
tained from the different 
the proportions of the ballots 


that have been returned. I 
favoring the proposition 
strongly are returning great 
ages of the mailed ballots 
states favoring it less stron 
ing it, this is prima facie ev 
biassed return, since the pe 
ballots returned ir any stat 
sure of the average incentive 
that locality. 

In applying this principle t 
hibition poll of 1930, it sh 
membered that three proposit 
proposed, any one or whic! 
favored. A recipient of the b 
vote for (1 repeal of the 
amendment, (2) its continued 
ment, or (3) its modification 
the sale of light wines and b 
the approximately five million 
turned, 40.43 per cent. favored 
30.46 per cent. favored enforcen 
29.11 per cent. favored modificat 

To test the existence of bias 
turns, the five million ballots | 
divided into five groups, each ce 
approximately a million vot 
first group comprises the total 
from the six states showing th: 
est expressed sentiment for rep 
second group comprises the tota 
of seven states ranking next 
sentiment as just defined. T! 
group comprises the returns 
states next in order, and the fourt 
fifth groups comprise the returns 
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<o 40 60_ 
Percent Or RetuURNED Barrors 
Toe Repeat 
FIG. 1. EQUATION OF PREDICTION 
CURVE— 
544.7 
41.90 — .461x 
y=per cent. of mailed ballots returned. 
x = per cent. of returned ballots for repeal. 


T= 


tailor must fit the pattern to his cus- 
tomer’s own peculiar dimensions. Using 
this analogy, the pattern is a hyperbola 
and the tailoring consists in adapting 
the pattern to the situation at hand, 
though a mathematical pattern is much 
less flexible than a tailor’s pattern, so 
that a perfect fit is only rarely obtained. 
The tailored curve is shown in Fig. 1; 
the fit is not a bad one. 

We may now disregard the circles in 
the chart and reason from the curve, 
which tells us more clearly what the re- 
turns are trying to express. We see that 
when there are no ballots marked for 
repeal, the return of mailed ballots is 
only 13.0 per cent. This measures the 
extent to which the ‘‘drys’’ are voting. 
When no ballots are marked for enforce- 
ment, then 70.9 per cent. will be marked 





for repeal, the remaining 29.1 
of returned ballots being 
modification. The curve sh 
if 70.9 per cent. of the retur 
are marked for repeal, 59.1 | 
all ballots mailed will be retur 
means that 59.1 per cent. of 
are voting. The ‘‘modificat 
cording to our premises, voted 
ing degrees depending upo1 
“‘wet’’ and ‘‘dry’’ sentime 
localities. By an indirect ¢: 
appears that, on an averag 
turned 22.6 per cent. of 
mailed to them. 

If the ‘‘wets’’ voted to 1 
09.1 per cent., the ‘‘drys’’ 
tent of 13.0 per cent., an 
tionists to the extent of 22.6 
then the vote of the 20 million | 


t, if tl 


whom ballots were ser 
voted, can be readily predicted 
total numbers of ballots mar! 
three ways. For the entire 
appears that only 16 per cent 
20 millions favored repeal, about 
cent. favored enforcement and ; 
per cent. occupied an int 
ground. 

The wide discrepancy betw 
prediction and the returns act 
ceived represents the bias inf 
the poll by the very nature of 
tions asked. It illustrates tl 


tainties of straw ballots, no m 
extensive they may be nor | 
they are conducted and the retur 
piled. When only a small fr 
the ballots mailed out are retur 
face value of the returns may 
or they may be greatly mislead 
in the present case. Only a st 
analysis of them ean tell whet! 
are of the first description or of 
ond. 

In the second Literary Dias 
hibition poll, just completed, 
cipients of the mailed ballots wer 
to express themselves on one pro] 
only, namely, whether or not t! 
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Again more than twenty mil 
ts were mailed out, of which less 
million were returned, a ri 
only 22.39 per cent. Of the r 
ballots, 73.67 per cent wert 

1 for repeal and 26.35 per 


marked for continued enforcement 


ir face the returns indicate an 

rwhelming sentiment for repeal, a 
rtion of about 3 to 1. 

) 


but before accepting this superficial 
. ] 1) 4 l 

it would be well to examine the 

rns for the same type of bi 

nt in the returns of the preceding 

If one compares for each State the 

tage of returned ballots marked 


‘repeal with the percentage of mailed 
ts returned, no close correlation is 
too great 


nt The irregularities are 
ver, one may divide the states into 
classes, one class offering evidences 
biassed returns and the other class 
rno such evidence. The first class 
iid inelude those states returning 
re than 22.39 per cent. of the ballots 
led to them and marking more thar 


}.67 per cent. of the returned ballots 


r repeal, as well as those states return 


g less than 22.39 per cent. of tl 
1 ballots and marking less than 


.67 per cent. of the returned ballots 


for repeal. The second class would in 


lude all states not falling under tl 


] 


two categories of class one. When such 


livision of states is made from com- 


tations based upon the published re- 


urns of the poll, it is found that thirty 


tes offer evidence of bias, while nine 


en do not. 
For purposes of mathematical an- 
ysis, the returns have been divided 
to eight classes, depending upon t 


reentage of returned ballots marked 


for repeal. The first class includes all 


‘lass ineludes all states for which fron 


be 


} 


} 


+ ‘ 


le returned ballots favored repeal of 


e prohibition amendment. The next 


I 
] 
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) to 85 per cent. of the ballots returne: 


es for which 85 per cent. or more of 
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downward swing from right to left as do 
the actual returns, and it threads its 
way through the circles in a manner in- 
dicating as close an agreement between 
fact and theory as could be expected. 
The curve predicts that, among those 
favoring repeal, 37.7 per cent. returned 
the ballots mailed to them, while among 
those opposed to repeal only 11.5 per 
cent. marked and returned their ballots. 
These values, together with the numbers 
of returned ballots marked in the two 
ways, lead to the conclusion that only 
46 per cent. of the twenty million people 
to whom ballots were sent favored repeal 
of the eighteenth amendment, instead of 
73.7 per cent., as indicated on the face 
value of the returns. 

In summarizing this analysis of the 
two prohibition polls, it is interesting to 
inquire to what extent they are consist- 
ent and to what extent they indicate a 
shift in sentiment on the question. It 
is significant that the estimated incentive 
to vote among those favoring enforce- 
ment of the amendment in the first poll 
and among those opposing repeal of the 
amendment in the second poll is very 
nearly the same, as measured by the esti- 
mated percentage return of their ballots, 
namely, 13.0 as against 11.5. This agree- 
ment would indicate that the complection 
of this group has not changed. On the 
other hand, the incentive to vote among 
those favoring repeal was much greater 
in the first poll than in the second, as 
measured by an estimated return of 59.1 
per cent. of mailed ballots against 37.7 
per cent. The complection of this group 
has evidently changed in such a way 
that the incentive to vote has been 
greatly reduced. In the first poll there 
was a third group of dissenters, favor- 
ing modification of the eighteenth 
amendment to permit the sale of light 
wines and beers. How did this group 
vote in the second poll? If their dis- 
agreement with prohibition became more 
intense in the two-year interim, or if, 
merely because they were denied the 


privilege of expressing their n 
erate views, they preferred re} 
than continuance of a condit 
which they were dissatisfied, the 
align themselves with those who a 
had intensely favored doing aw 
prohibition entirely. Being less 
in their dissatisfaction, howey 
incentive to vote would be less 
amalgamation with the ‘‘rep 
would lower the average perce 
mailed ballots returned for this 
in the second poll, somewhat as t 
centage actually was lowered fr 
to 37.7... That such a regroupi 
ally occurred, perhaps with no 
change in sentiment toward pro! 
receives some confirmation from ft 
that in the first poll, 55 per cent 
people canvassed appeared to fav 
tinued enforcement, while in the s 
poll 54 per cent. of all people car 
were against repeal. Again this 
seems a stable one. The 16 per « 
outright ‘‘repealers’’ and the 2% 
cent. of modificationists in the first 
apparently combined forces in the 
ond poll. 

The present situation appears 
this, if one may assume that the 
million people on the mailing lists 1 
sent the entire country. Approx! 
half of the population are stead 
opposed to repeal of the eig! 
amendment, while approximately 


; 


favor repeal if no other course is ¢ 
A minority of the latter half are s' 
fastly in favor of repeal, while 
majority would probably be sat 
either with a modification of the a1 
ment to permit the sale of the less 
toxicating liquors, or with a mod 
tion of the enforcement laws leadu 
essentially the same result. 

1In fact, if the voting percentages 
‘*repealers,’’ 59.1, and of the ‘‘modif 
ists,’’ 22.6, in the first poll are weighted | 
relative strengths of these groups, 16 
respectively, and averaged, the result is 
not greatly different from 37.7, the voting 
centage of ‘‘repealers’’ in the second pol 
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ELECTRICITY, THE MODERN HANDMAID 
OF CHEMISTRY 


By Dr. COLIN G. FINK 


HEAD, DIVISION OF 10K 


Tue science and art of chemistry had 
its beginnings many thousand years ago. 
Thus, such chemical products as soap, 
elass, paper and porcelain were known 
to the aneients, and the knowledge of 
manufacturing these and other prod- 

‘ts was handed down from generation 

veneration. Who was the inventor of 
soap—one of the most important of 
His name and ori- 


chemical products 
vin have lone since been forgotten 
Through the ages up to as recently as 
1800, there were but slight changes in 
process of manufacture of soap and 
many other chemical products. New 
and valuable articles were added from 
time to time, but the basic methods of 
preparation and manufacture remained 
With the close of 


inherently the same. 

the eighteenth century, however, the 
classical discoveries of Galvani and of 
Volta opened to the chemist an entirely 
new field of attack. 
could be made or decomposed by elec 


Chemical products 
tricity. The epoch-making discoveries 
of Galvani and Volta in Italy stimu- 
lated research throughout Europe, and 
within a few years Michael Faraday, of 
England, announced to the world his 
discoveries of the intimate interrelation 
between electrical and chemical phe- 
nomena. By the middle of the nine 
teenth century the comparatively lim- 
ited supply of electrici y from the Volta 
battery was infinitely increased through 
the invention and perfection of the elec 
trie dynamo—a machine that converted 
readily available, mechanical power into 
electrical energy. 


After 


} 
aynam 


chemistry 


took place 
cum be rs 

and new 

processes § 
host of new 
New metals 
and alumi 
man, were 


of our blea 
made by a 
chemical pr 
ing an elect! 
which or 
tons ot 1 . 
duced, and 
the indust 
chlorine t 
le. And t 
e} emical pl 
rine gas 
lye it tl 
| eee 
fats and n 
In 1892 
can, n 
and passed 


throug! 
new ‘‘s 
bide ] 
of his ¢ 
the rain-d! 
his new 
and a 
evolved 


SYSTEM 
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indus- 
hy- 


the foremost of chemical 


calcium 


one of 
tries carbide, acetylene, 
drocyanie gas, acetone, acetic acid, sol- 
vents, ete. 

In 1891, Edward Acheson, 


one of our foremost pioneers in electro- 
electricity through 


Goodrich 


chemistry, passed 
coal and converted it into graphite—a 
most valuable lubricant—better and 
purer than any natural graphite there- 
tofore produced. No lubricant other 
than Acheson graphite will stand the 
temperatures developed in our modern 
super-high-speed bearings. In another 
experiment Dr. Acheson powdered ordi- 
and mixed it with Coney 


adding a little salt as sea- 


nary coal 
Island sand, 
soning. He then sent a powerful cur- 
rent of electricity through this mixture 
that the sand was 
and the result of the 


product—ear- 


so powerful 
changed into gas 
experiment was a new 
borundum—which you use to sharpen 
your carving knife or your razor blade. 

Many of the chemical plants at this 
time were expanding, and new ones 
were being erected in different parts of 
the country. From the smoke-stacks of 
these factories thick fumes often 
acids beleched forth which ruined trees 
and other vegetation, not to mention the 
discomforts brought upon people work- 
ing or living in the vicinity of these 
factories. F. G. Cottrell suspended a 
chain through the center of these smoke- 
stacks, applied a high voltage current 
and lo, and behold, no fume, no dust any 
longer came out of the stacks, just as 


and 


though the factories had shut down 
completely. But, of course, they had 
not. Electricity was causing those 


myriads of smoke and fume particles to 
go down instead of up. And more than 
this: the dust was collected and in many 
eases was found to contain valuable con- 
stituents, such as silver. This Cottrell 
process is so simple that many factories, 
such as fertilizer factories, instead of 
avoiding smoke, find it to their advan- 
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tage to first convert their prod 
fume or smoke and then pass « 
through the 
precipitate the 


smoke and throw 
fine partic! 
quently converted into high-g 


ing powder and other products 


The ancients 


} 


how 


- 


knew 0 
coatings to baser metals, such 
and copper, but the process 

The gold had 


into \ 


and uncertain. 
hammered or beaten out 
sheets, a process that often to 
The sheet or 
obtained usually had many | 
This leaf \ 
mechanically fastened to the suri 


the bronze or copper and the | 


days to complete. 


other imperfections. 


union was never very secure, so t 
slightest knock or scratch woul 
the leaf. To-day the article, 
jewelry made of base metals, 
pended into water containing 
gold dissolved in it. Electricit 
passed through the water, and 
instantly the brooch or ring or 
article is completely covered wit 
splendent coat of our most noble » 
gold. The coating is uniform 
thoroughly adherent. And gold 
the only metal that is now plated 
other metals by electricity. §S 
nickel, zine, lead, copper, tin and 
mium similarly plated t 
Without electricity your car would 
no chromium plate. 

Iron is one of the oldest and most 
viceable of metals. Yet nearly ev 
thing that was ever made of iron b: 
forefathers has long since turned t 
and disappeared. Only a 
specimens have been preserved 
handed down to us. It is this tend 
for iron and steel to rust that has 
years stimulated 
civilized countries of the world, wit! 
hope of making iron and steel r 
proof. Here, again, electricity has | 
the immediate means toward a solut 
of the problem. By mixing iron 


are 


few 


investigations it 
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metals, notably chromium, and mere fra 
sing powerful electric currents § and trees 
eh these mixtures, iron alloys have and heat ii 
pr luced, such as stainless st tricit \\ 
chromium-nickel alloy that cov- different subst 
. Chrysler Building, which defy substances 
s+ and deterioration for all time to food as va 
and abu ! 
Many more examples fully as star- want pl 
gv as those cited could be recorded eal 1 ’ 
suggestions might be offered as to mond and ! 
trochemical discoveries and inven- produce 1 s 
ns of the future. To mention but a_ and stronger 
y, we need new products and proc-_ ten times as 
sses to convert our super-heavy railway lamp of , 
upment into such that will excel that never tad is 


the modern airplane. We need a 


mical machine that will convert the to-day is indeed 

undless energy of the sun—most of apply electrical met . 
+h is wasted to-day—directly into solution of thes ! y 
‘tricity, instead of first converting a_ tant problems 


SCIENCE IN FOOD PRODUCTION 


By Dr. RAYMOND A. PEARSON 


PRESIDENT OF THE UNIVERSITY OF MARYLAND AND CHAI 


RMAN OF 


OF THE ASSOCIATION OF LAND GRANT COLLEGES ANI 


Ir has been said that the science of important are 1 results 





yesterday is the commonplace of to-day. research and we are l to si 
We need only to look about us to realize of work prom 

e truth of this saying. Good roads To-day wi ilk about t 
are being laid in every part of our sults of resear 1 produ 
country by thousands of men who know agriculture. § s beer 
how to do the mechanical work, but sel- its way rapid); this 
dom do they or the rest of us who use’ work, and n in be said that « 
the roads stop to think about the scien- important ricultur perat 
tifie studies that made these roads pos- pendent upon or is sely relat 
sible. Electric lights are almost univer- certain d s : 
sal in thickly populated communities, have been com r are in p 
and they are becoming common in rural A few ir’s ri 
districts. Almost every one knows fested its ine i and q 
something about the use of electricity, of crops suffered rding S 
but seldom do we think of the years of soils were wearing out. T! 
investigation that were necessary to was finally maste1 t 01 
make it available. I might enumerate least, by new knov p f 
many other such examples, but they will which was mad ble by se 
occur to you. Most of us realize how’ studies. Now ever dad tarmer 
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how to take care of soil hunger by the 
proper selection of his crops and by cul- 
tivation and by the use of fertilizers. 
Unfortunately, that problem hardly had 
been solved before we realized that an- 
other soil problem, soil erosion, is just as 
serious or worse. Literally millions of 
tons of our best producing soils, which 
required thousands of years to build, 
are being carried away by the rivers to 
the sea. Thousands of acres of good 
land have vanished. Areas that have 
been highly productive are now useless. 
With an increasing population and a 
larger demand for food, it is evident 
that something must be done. When 
the soil was not plowed and cultivated, 
there was comparatively little erosion, 
but plowing and cultivating are necessi- 
ties of civilization. The soil scientists 
are studying this problem and are mak- 
ing progress. 

About 30 years ago the cattle raisers 
in certain sections of the country were 
suffering enormous losses from a disease 
that affected a large proportion of their 
animals. It was transmitted easily and 
occurred year after year, in spite of 
well-known preventive measures. The 
losses mounted into the hundreds of 
millions of dollars. Finally a few vet- 
erinary surgeons and bacteriologists dis- 
covered that the cattle tick was the 
earrier. With this definite information, 
and assistance from the zoologists, the 
disease is being rapidly eradicated. 
Hog cholera almost threatened to de- 
stroy the hog-raising industry until 
scientific studies showed how it can be 
avoided or controlled by sanitation and 
the use of serum. 

Years ago it was comparatively easy 
to raise potatoes. Then, from some- 
where, the potato bugs arrived. They 
killed millions of potato plants and 
ruined many a farmer’s potato crop. 
The entomologists found methods of 
controlling these pests, but now we have 
another potato affliction—the potato 


blight. Seientific men hav: 
to deal with that, too. Success 
crowers have to understand n 
lems of this kind. And the saz 
of producers of other farm 
both in the animal and plant 
Questions relating to food p: 
are national questions. The 
everybody, because evi rybody ! 
And so the Federal Governn 
ago provided for an agricultura 
ment station in every state, 
tion with the agricultural colleg 
of these stations now receive 
own states larger appropriati 
from the Federal Government 
the Federal Government has 
for research work in the Depart 
Agriculture at Washington. S 
a great organization of workers 
cultural science. Their relati 
farmers of the country is the s 
the relation of scientifie men, ma 
rganizations 


by big industrial « 
industries. Of course, the pub 
for the industrial research ir 
It pays directly for agricultural r 
through taxes and appropriations 
is because every person is concer! 
because agriculture has no et 
commercial units representing | 
of millions of dollars that can 
maintain expensive scientific stud 
There is one important differer 
tween science in its relation to fi 


y 


duction and in its relation to most 
facturing operations. Agricultur 
more surprise problems, and ofte1 
threaten whole crops or herds s 
must be dealt with promptly and \ 
ously. I suspect that manufa 
industries do not require nearly as 1 
emergency research as does agric 
It costs about $18,000,000 a \ 
maintain the state experiment st 
but only about $13,500,000 of 
comes from the taxpayers, and 
$17,000,000 a year to maintain 
search work in the Federal Depart: 
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Agriculture. About 1,800 people 
full time to the work in the state 
ns and a larger number give part 
and there are about 4.000 people 
research 


agricultural 
like a 


federal 
This 
ixury But. 


mparison with what we spend for 


i} 


may sound costly 


let me say quickly that 


these expenditures to safeguard 
. nation’s food supply are exceedingly 
ill and even trifling. 
there tell 
it more of the notable achievements 


I wish were time to you 


workers in agricultural science and 


the direct importance of all this to 
very citizen. I can mention only one 


two Some recent discoveries are 
novel and therefore interesting to 
majority of people. For example, 
tne Japanese beetle has appeared in this 


When it once 


ts into a locality, it increases in num 


country in recent years. 


has an 


ber with amazing rapidity. It 
enormous appetite for growing plants of 


kinds Various methods of con- 
trolling this pest are being studied, but 
ne is unique. Scientific men discovered 

} 


this particular beetle is attracted 


many 


that of the 
rose geranium, so they developed in the 
laboratory a that 
odor and they are using it as bait for 


an odor somewhat like 


substance has this 


traps to catch the beetles. The geranium 
aroma is carried by the breezes over a 
wide area. The beetles in this area fly 
towards the trap, hoping to get a good 
meal. They are captured by the gallon 
and sometimes by the bushel. About 
600 barrels, not of Japanese 


beetles have been caught this year in a 


bushels, 


heavily infested area in one of the East- 
Think of the food crops 
would have destroyed ! Let us 
hope that the entomologists some day 
will find a bait that will rid the country 
of mosquitoes ! Of know 
that much has been done already in con- 
trolling them by putting oil on the 
» marshes and ponds where they breed. 


ern states. 


they 


eourse, Wwe 


tions 

cvether 
farmer in F: 
erape-grower 
B rdeaux I 
tect 
that 


weed. It Ki 


grapes 


when 


seemed 
of plants 
some wet 
has beco 
Sprays 


Ve loped 


have 
will have 
sponding ! 
vet rid of 
prescriptl ! 
such as ren 
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more imposs] 


Sue! 


velopments 
time befor: 
happy the 
some Suc! re 
eould be app 
it will come 
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of scientific work to reduce their cost of 
production or to protect their crops and 
animals from destruction. They pass on 
the the 


wheat growers could be shown how to cut 


advantage to consumers. If 
the production cost of wheat five cents 
a bushel, then the consumers would get 
their wheat that much cheaper. Farm- 
ers may their Who does 
not? But they never have been accused 
of hoarding, nor of monopolizing. Those 
practices are not possible in American 


have faults. 


agriculture. 


] 


then, in closing: Re- 


necessary, not 


Summarizing, 


search in agriculture is 
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only to improve standard 


methods but especially to enal 


to contend with new diseases 


that have a way of appear 
pectedly and that may becom 
structive to our food supply 
of the wide interest in agricult 
lems and the di pendene 

upon their successful solutior 
eral and State Governments | 
to support research work At 
the benefits which come fron 
eation of science to food produ 
+} 


passed along promptly to 
consumers. 


THE MEDICAL CARE OF ANIMALS IN 
THE ZOO 


By Dr. W. REID BLAIR 


DIRECTOR AND GENERAL CURATOR, 


In order to maintain a large collec- 
tion of wild animals in a state of good 
health it is necessary to provide suitable 
sanitary buildings, a wholesome and 
hygienic food supply and expert medi- 
cal supervision. In order to success- 
fully combat diseases, especially those of 
a contagious nature, a most complete 
and efficient quarantine system is abso- 
lutely necessary. A grave form of dis- 
ease may be introduced by apparently 
With animals 
from different 


care must be 


trivial cases. 


mild or 
arriving almost daily 
parts of the globe, great 
constantly exercised in guarding against 
the introduction of a possibly diseased 
animal into a collection known to be 
healthy. 

Prevention of disease is the constant 
aim of the medical department. All 
sanitary the 
healthfulness of our animal collections. 
Disinfection as a preventive of disease 


measures contribute to 


plays no insignificant part in the medi- 
eal work of the Zoological Park. 
Among the Zoo’s charges are some of 


NEW YORK ZOOLOGICAL PARK 
the rarest and most valuable sp 
in the world, and it goes withou 
that the death of any one of t! 

be a great blow to the scientit 
not to mention the serious fina 
entailed, even if it were possil 
place them. 

In a zoological park with ¢ 
as large as ours, sickness, ace 
death must inevitably occur. A 
are subject to almost as many 
ordinary ills as is man, and in ¢ 
these ills are frequently int 
The difficulty in arriving at a tr 
nosis is greater in wild animals 
Where d 


a pronounced factor, one arri\ 


the domestic species. 


diagnosis by a process of elimi 

the use of the thermometer, t! 
tapping and listening to the ch 
ity, and otherwise handling the 
without undue excitement. W 
human patient can tell you his 
in their regular order we can onl) 
most of these in the animal thr 

ternal manifestation of pain a! 
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rt. The wild animal physician 
st carefully watch for and accurately 
all such symptoms, and then 

vor to rightly interpret them. 
n addition to all the obstacles in 
of treating these patients, it is 
d that wild animals in captivity 
subject to nearly all the diseases 
mon to man and the domestie ani- 
ils, and that every wild animal is well 


d with claws, horns, sharp teeth 


tusks, and with a strength and 
far beyond that of a human | 
1 may get some idea of the difficulties 
which the wild animal physician 
Ist ce ntend. 
One advantage the animal doctor has 
ver the human practitioner is that he 
s not have to listen to long tales of 
iry ailments from his patients, 
lo they just fill themselves up with 
nt medicines before coming to the 
ras a last resort. Unfortunately, 
‘patent medicine man’’ has not yet 
ppeared with a panacea for all ail 
nts to which wild animals are heir. 
When an animal is ill it is, if practi- 
removed from its fellows, whether 
ts disease is contagious or not. In the 
rmer case the reason is obvious, but in 
“ases quietness and extra comfort are 
eded. The patient can be better ob- 
served, the symptoms more closely 
ted, and the disease from which it 
suffers more clearly defined when the 
animal is alone and left to the exercise 
its own undisturbed will 
T provide for the treatment of dis- 
eases and for the operations which are 
‘essary where a large number of ani- 
ils are kept in captivity, it is essential 
it hospital accommodations be pro- 
vided. The New York Zoological Park 
as a well-equipped hospital. There is 
probably no other hospital where such a 
varied list of patients might be seen. 
The hospital is conveniently located 
ear the center of the park and well iso- 


+ 


lated within a walled enclosure, which 


y 


rer ] 
SUL LMiCal 
macy a 
resear 
on ! 
eq l1p} al 
eCXNaAuUus 
insu 
ve! 

In g 
a SS 
much S 
; ’ 
animal §s 
ting me 


é ry 
ssa} 


ministers 


understa! 


seen 


1 
animais s 
wavy that 
TO +} ° 7 
citement 


give 


suga 


» + 


med 
r-¢ 


} 


capsu ~ 
eent-! | 


howev 

V 1! I 

pl t 

it, and 

throug 

} 

Keeper 
The nu 

ereatest il 





456 THE SCIENTIFIC MONTHLY 


food is allowed to remain long before 
the animal, because the very fact of its 
being constantly present will cause him 
to loathe it. When the animal has no 
appetite it may indicate that the stom- 
ach is not in a proper condition to-digest 
food: consequently, if foreed upon him 
it will cause indigestion and aggravate 
the case. 

While digestive and pulmonary dis- 
eases are the more common ailments re- 
quiring medical attention, yet the doe- 
tor is frequently called upon to perform 
major and minor surgical operations. 
If the operation is painful, a general 
anesthetic is administered, because in 
addition to the humane sentiment in- 
volved perfect control of the animal is 
necessary for the safety of the operators 
and also for the successful handling of 
the patient. Chloroform and ether are 
used for general anesthesia, with local 
injections of cocaine or morphine in 
minor operations. 

Some of the surgical operations that 
are performed from time to time are 
unique. Once our African rhinoceros, 
**Vietoria,’’ required a surgical opera- 
tion for a deep-seated abscess which 
affected the lower jaw-bone. The rhi- 
noceros was hobbled with ropes, cast 
upon a grass mattress and put to sleep 
with chloroform. While less than an 
ounce of chloroform will send a human 
being to sleep, it took two pounds of 
chloroform and three quarters of a 
pound of ether to put this animal in a 
state of pleasant slumberland and ren- 
der the operation entirely painless. 

It is not a simple matter to prepare 
a big alligator for an operation, and 
when ‘‘Big Mose’’ had to be operated 
on for a large tumor on his foot, it was 
like handling a well-lubricated pig. In 
preparing Mose for the operating able 
his head was covered with a gumny- 
sack, then his jaws were muzzled, and 
he was securely fastened with strong 
ropes to a thick plank eighteen inches 
wide and twelve feet long. Loca! anes- 


thetics rendered the removal! 
tumor a painless procedure. 

Some of the most difficult ani) 
control are the larger lions and 
A full-grown lioness, captured 
late ‘‘Buffalo’’ Jones, was not 
her arrival tu have some injury 
front feet. While she sulked and 
not permit any examination, clos: 
vation detected the trouble to 
the claws had grown into the p 
her feet, making it necessary to d 
the nails. Getting this ferocious ; 
to an operating table was a r 
lem. However, the Lion House 
well equipped for all sorts of e 
cies, and one of its modern im) 
ments is an elevator with a fix: 
six feet long and two feet wid 
was placed in this cage, and tl! 
was enticed into it. Once the 
was trapped, a tarpaulin was p 
over the cage, making it airtig! 
was quickly chloroformed by m« 
an atomizer pump, roped and s 
tied. The operation of removi 
irritating claws was a matter ol 
few minutes’ work. The lioness 
was then wheeled out of doors a 


promptly came to. And what 
she made! She roared and lhe 


The whole park resounded with lh: 
and anger. Visitors ran up, but 
look was enough. The lioness plu: 
to the front of the cage, and thous 
had no chance to get loose, that 
made for the exits without delay. 
animal was well in about ten days 
lived in the park for more than 
years, a good age for a lioness in 
tivity. 

Bears also need plenty of surg 
attention. Once one of our huge A 
brown bears, while engaged in a 
drove one of his canine teeth 
inches long) completely through 
upper lip. The animal was wild 
pain until he was chloroformed and 
lip released by means of strong fore 
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would make a charming commen 
our work if we could note any 
ide on the part of our patients for 
we do for them. As a matter ol 
we rarely see any notable response 
ypreciation. I reeall an orang-utan and 
was once treated for pneumonia patients wit! 
ater became a thorough hospital but with the 
‘tt. He was constantly looking for to place the 
ntion and was very agreeable about well as to 
¢ treated for any ailment The surge 
unusual operation on animals, paring the 
ih it is not uncommon on humans, far harder. 
is performed on the eye of our Indian two tons and 


eeros ‘‘Mogul.’’ This rare animal. legs that 
splendid physical specimen, came to him o 
Zoological Park with a cataract in quired tl 


‘ve, causing blindness. It was nee- to hobble 


ssary to perform the delicate needling operations the 
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No great work has ever been accom- 
plished but that it had long before been 
achieved in the dreams of the doer. But 
in dreams there is danger as well as the 
seed of great deeds. 







When desires are unsatisfied they are 
not eliminated from the sphere of influ- 
ence in our lives. We continue to de- 
sire, we spend more or less of our time 
in wishing. And when there is even a 
lingering hope of securing our desires 
we continue to strive. 






The unsatisfied 
desire, kept alive by imagination and 
hope, then serves as the mainspring of 
effort. 

But an interesting and important fact 
is that even when there is no hope of 
accomplishing our desires we still con- 
tinue to dream about them. All of us 
have day-dreams in which we experience 
the possession of things that we do not 
possess, or in which we accomplish things 
to which we have not yet attained. We 
do not dream about things we have but 
about things we do not have. We do 
not dream about things which are easy 
to get but about things which we appar- 
ently can not get. 

Ordinarily, when, through dreaming 
about things, we see a way which ap- 
pears within our ability to achieve we 
are likely to attempt some kind of overt 
activity in order to secure our desires. 
But many people do not clearly see the 
means by which they can make their 
dreams come true. That is especially 
true of children; and if the child’s day- 

dreaming habits are not wisely handled 
he may be unlucky enough to have the 
habit become fixed, so that through the 
rest of his life he is content with dream- 
ing instead of attempting to do. 

When the day-dream is serviceable to 
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DAY-DREAMS 


By Dr. EDWIN G. FLEMMING 


YORK, 





N. Y¥. 






the individual we are inclined 
has a good imagination or a ver 
mind. It is when imagining t 
pears to be an end in itself inst: 
means to an end that we say 
vidual is a dreamer and visionar 
doer dreams just 
dreamer, but the 
with his dreams. 


as 


doer 


much 


iS not 


Day-dreams first appear w 
thing has gone wrong, when t! 
discrepancy between desires and 1 
when a person can not actually ¢g 
he wants, or when he gets what 
not want in the form of punis 
The child then wishes that things 
be different, and wishing them di 
makes them different for the child 1 
Day-dreams are then used as com 
tion for actual lacks in real life 

Such imaginings are pleasant 
child because he the 
dream in which everything happ: 
he ‘‘thinks’’ it ought to happen. | 
ing such imaginings pleasant t! 
begins to indulge in imaginative 
and may after a time find that su 
imaginative play is more satisfying t 
real play. For instance, a little bo 
only child—wanted a dog. The parent 
for one reason or another did not want 
dog. The boy began to imagine tl 
had a dog. The particular, imagir 

dog followed him home one day, a 
that he called to the attention of 
grandmother as she was coming 
from a shopping trip with him. 1 
youngster dawdled along behind 
had to be hurried every few minutes 
Finally he said he couldn’t hurry 
eause his dog wouldn’t mind. 
grandmother indulged him and fin 
got him and the dog safely home 
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e 1 
’ vy) 
At nome 


s if it were a rea 


mber of adventures. 


sare of the dog a 
are other cases in which chil- 
playmates 

) 


} ere 


n ereate imaginary 
children 
what their cr 
One little girl created dur- 


the nicest 
ys doing ator wants 
m to do. 
t course 


rid of people, a step at a 


] 


of a few years whole 


time, in 
+h she was the queen.’ 
The fact that the day-dream is used 
thwarted de- 
sires is of importance and it is likewise 
teworthy that in the day the 
dreamer occupies the central, exalted 
Where that does not happen 
~amer very soon 


lentifies himself with the il char 
the 


3 a means of satisfying 


lream 


position. 
in the beginning the dr¢ 
lent centra 


er of the dream. 
the development of the day 
the girl had a whole world 
servient to her wishes. At first she just 
had an imaginary playmate who could 


Such was case 
lream of 


who sub- 


lo the things the dreamer wanted done. 
into a 


at! 


When the playmates increased 


family, then a nation, and finally a 
world, the original imaginary playmate 
But soon the dreamer 
the imaginary 
became queen herself. 
s not in and of itself 


was their queen. 
identified herself 
queen and at last 
Such dreaming 
bad, but it is always indicative of some 
lack in the life of the youngster. If the 
lack continues and the child, through the 
development of the dreaming habit, 
comes to substitute dreaming for reality 
then there danger. At first the 
dreamer recognizes that the dream does 
not represent reality, and the dreamer 
may pass from the dream state to reality 
at will. It is then that day-dreaming 
often takes the form of imaginative play. 
For instance, a little boy, who was re- 
moved from his usual environment in 
which he had several sisters with whom 
to play, found himself almost alone with 
s in the 


with 


is 


1See George H. Green, ‘‘ Psychanalys 
pp. 33 ff. G. P. Putnam’s Sons, 


Classroom,’’ 


New York, 1922. 
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only anot r bo ~ ~ 
playmat The s 
things that frequent] wal 

do. The new ] mat . t 
were, whereas wit] s sisters 

1] eons d r hl ld -» 4 mec 

was petted and catered t ng 
The 1. aireage 
The visitors wet vavs ladies 
whe ans a P . mes 
and good thi t He t d t 
them about the things had been doing 
or imagined he had sang 
them, and t1 d t mag ! 
ice cream and cake 

Playing house and s r pl ng 
storekeeper are ss Kind 
imaginative play, in v reat 
of the situation takes t minating r 
and moves the creatures of his imagina 
tion about at will to do his bidding 
Here the child identifies himself w 
adults who, he has observed, have pow 
to control the act 8 thers. Thus 
the child satisfies his repressed desire t 
be the central figure i IS ul erst 
An interesting case of ide ng o1 

self with the masterful is that of a b 
physically weak, who in his day-drean 
ing play became a general of whom he 
had read. He played th lead sold 

by the hour, moving them about and co1 
trolling them as he had never been 

to control his playm ites He ~ had 
the habit of identifying himself with t 
characters about whom he read i I 
and history and added to the stories t 


things he wanted to happen 
dreams were 


one day he put himself into a diffi 


so real to him that in scho 


position and maintained 


vehemence against the prevaliing opini 
of the rest of the class 

Not infrequently parents, whose ow1 
dreams and ambitions tor tft msely 
have remained unrealized and unreal 

2See Caroline B. Z sona Ad 
justments of Scl ( Chapter | 
( Sons, } ) 929 


Charles 5 
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able, dream dreams of accomplishment 
All too 
frequently such ambitions for one’s chil- 
dren lead to difficulties for the children. 
When the dreams of the parents are un- 
suited to the talents and abilities of the 
child, the often forced 
driven beyond his capacity, with the re- 
sult that there is sure to be failure and 
the development of feelings of inferior- 
ity. Such day-dreaming parents do not 
check up their ambitions for their chil- 
dren with the facts of reality, and many 


and success for their children. 


ehild is and 


a good merchant is spoiled to make an 
unsuccessful doctor or lawyer or 
preacher. Deans of men and women in 
teachers and principals of 
schools all the 


difficulties of the boy and girl whose par- 


colleges, 


are too familiar with 
ents are still day-dreaming and attempt- 
ing to satisfy those dreams through the 
medium of the activities and accomplish- 
ments of children who would be better 
citizens, more successful in their careers 
and happier and more pleasant per- 
sonalities if left to themselves to develop 
the which they 
actually possess. 


Day-dreaming and imaginative play of 


talents and interests 


the day-dreaming type may in some cases 
vo to such an extent that the individual 
tends to shut out reality and to take the 
dream for actuality. One had 
dreamed so much and often that he was 


boy 


a great inventor that he actually came to 
believe that he was a mechanical genius. 
As a child he was interested in all sorts 
of mechanical and He 
dreamed that he was a great mechanical 
engineer. He ‘‘planned’’ all kinds of 
wonderful and enor- 
mously wealthy as a result of his inven- 
tions. He explained his inventions to 
his father and to his uncle, who became 
convinced that the boy had unusual abil- 
ity and would one day become a famous 
man. But he was never moved to work 
out any of his inventions on paper nor 


toys devices. 


devices became 
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in the form of models. He was 
with the dream. 
He 


embryo mechanical genius. The pr 


came To college herald | 
sor of physics found very soon 
did not the first 
elementary concepts of 


know thing ab 


physics 


what was worse, he would not app 
self to learn them. Digging facts 
a physics text-book was hard 


much harder than dreaming great 
tions. Some of the things he ‘‘iny 
indicated 


chanical needs. 


acute observation 
He talked over th | 
lems with engineers and architects y 


ever he had a sympathetic audienc: 


an 


it appears that some of his ideas s] 
a knowledge of general mechanica 
But he had no 
details, and less patience than k: 


hiner 
ciples. knowl: dg 
edge. P 

One invention of which he had thou o 
he was urged to work out in detail. H : 
played around with the idea for a w 
and did make a crude drawing wi ; Pr 
however, was of no service. He wast 
urged to make a model, which he pr 
ised to do immediately. But before 
had started on the model he communi 4 
eated with a patent attorney, or said TI 
had, and said that the attorney pr 
nounced the idea good. The attor 
was going to make a search of the pat 





records to see if the idea was patental pas 
In the meantime he reported difficulties : 2 
in getting materials for the model. H a 
said he had written for them, but t ae 
from had ordered 1 

necessary items slow in 
them. For almost a year he talked ab 
his invention as if it were already 
accomplished fact. He hims 
sought by Edison to be given a specia 
training in order that Edison might ha\ 
some one ready to take his place w! vo} 


house which he 


t 
was sending to | 


Saw 


he passed into the Beyond. whe 

Later the boy transferred to anot! anf 
college where he thought he would hap 
better understood and would hav am| 


DAY—-DREAMS 


Pp} 
hat would develop his great 


one term he left 


yortunity to secure 


+ + 


tha 
ecured a position as 
large manufacturing plant where he 

sure the practical training would 
» him the opportunities that he could = jonger 
find in an academic environment When br 


re the emphasis was too much upon = ¢rjfling ineide 


» theoretical. fact that 
This boy had indulged so much in day- during tl 
dreaming and had been unwisely encour- — gyerything 
ved to be satisfied with mere dreams that the e@ 


instead of, at an earlier age, having been There 
stimulated to translate dreams into reali- 


> WaS a 


: that the 
es that for some time to come he is If such abstract 


bound to suffer from his inability to face 


ne further, as it does 
things as they actually are. He will, in 


. ° . one of Two th 
his own mind, be misunderstood by his 

: ing upon 
Either the 
vineed that 


llows. If he has any real stamina, and 

rough hard knocks, piled one upon 
another, is forced finally to look at the 4) 
world and himself as it and he are, he rans maentd 
may achieve something. the a oe 

From shutting out reality it is only a diagnosed ~ 
short step to the process of abstraction pital for th 
in which the dreamer appears to be en- develop an 
one time ! 


irely oblivious to everything about him 
and wholly absorbed in his own thoughts. "0 Knowled 

The absent-mindedness of the scholar is dividual 
similar to the abstraction of the dreamer. and at an 

The absent-minded professor, however, dividual he 

is more likely to be thinking about some _ likewise 
troublesome problem in connection with self. Thi 

a research project, or is working out a_ with them suc! 
close argument for a lecture, or is mull-_ the personality 
ing over some abstract concept of his sonality livin; 
particular specialty; he is not so likely the complicat 
to be imagining himself in an exalted personality. 

position receiving the plaudits of the A case 1n which 
multitude or accepting honors from some gone to the ultim: 
scientific or philosophical soel ty. To be fication al d abstracti ) 
sure, the absent-minded shut out reality orphan girl who const 
and are abstracted ; but the day-dreamer herself as a person in 
who is abstracted has gotten to that stage position. Just befor 
where, for the time being at least, it is to a hospital she sent 

as if the thing he is imagining is actually told him a long story 
happening. One young man, for ex- singing the leading par 
ample, used to dream that he was speak- explained to him that t 


‘ 


ing before audiences of thousands of fairness on the part ol 
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company she was forced to live in pov- 
erty.° 

And so the mechanism of day-dreaming 
is invoked, all unconsciously, in order to 
bring the individual those satisfactions 
that are denied him in reality. Emotions 
and desires may be thwarted and re- 
pressed, but generally the organism finds 
some way of getting around the thwart- 
ing influences, often being satisfied with 
mere day-dreams. 

In conclusion we would emphasize the 
fact that day-dreams are not necessarily 
a baneful influence in the efforts of the 
individual to adjust to the realities of 
life. They may in fact be the very basis 
for great achievement. The danger 
enters when one is satisfied with the 
shadow in the dream and makes no at- 


tempt to actualize the dream 
For parents and teachers and other 
are concerned with assisting the 
to make satisfactory and satisfyi: 
justments to the manifold prob! 
living, the caution should be regi 
not to attempt to eliminate day-d 
ing, since such a procedure woul 
serve to drive the child further wi 
himself. He would not cease to 
dream, but would merely refrain 
telling about his day-dreams to t 
son who would repress them. Thy 
dream represents a real lack in t 
of the dreamer. The proper pro 
consequently, is to inquire int 
nature of the lack and to encourag 
person actually to do something t 
the realization of his dream. 


CHANGING FAMILY SITUATIONS IN A 
SMALL COMMUNITY 


By Dr. EARL H. BELL 


UNIVERSITY OF NEBRASKA 


I 


DurinG 1931 a study of a small Middle 
Western community was completed. 
The study was unique in that the ethno- 
graphic technique was exclusively used. 
The major purposes were to accurately 
record the old culture which preceded 
the introduction of machines, and to 
record the reactions of the culture as a 
whole to the new situation brought about 
by the change in its material aspects. 

In order to study the latter phenomena 
it was deemed advisable to choose a com- 
munity which was comparatively free 
from the economic crises so dominant in 
industrial cities. The community chosen 
was one entirely dependent upon agri- 
eulture, but which was not isolated from 

8 See Caroline B. Zachary, ‘‘ Personality Ad- 


justments of School Children,’’ pp. 54, 55. 
Charles Scribner’s Sons, New York, 1929. 


urban culture. Other variables w 
likewise ruled out. The following br 
description will suffice to make this « 
Shellrock, Iowa, the community chose: 
is in a rich agricultural area lo 
about thirty miles from Waterloo, 
industrial city of about sixty thousand 
inhabitants. It consists of a vil 
center, which has averaged a populat 
of 811 since 1885. During that tim 
has not varied more than fifty from t 
average. The country included in 
community consists of a population 
about 1,600. The entire wealth of 


community comes from the surrounding 


farm land. 

The town was founded in 1857, 
by 1885 it had nearly reached its m 
mum size. It was founded largely 
old American stock of the Protest 
faith whose various sects are still em- 





The 
ther | 
read, 
sources 
lormat 
fundar 
evalua’ 
Irom t 
-. 
brough 
inform 


ing to 


CHANGING 


braced by the present citizens. Shell- 
rock has never experienced an influx of 
foreign blood. In fact, only a very small 
entage of new blood of any kind has 

. in since 1890. Moreover, both the 
same cultural and social origins. 

: two groups are not hostile to each 
r, but participate equally in the 
me social activities. Such a commu- 


ty can not in any way be called typical, 


nd no such claim is made. 
A third purpose was to initiate a social 
udy which would approach the nature 
>a controlled experiment. Unlike the 
chemist, the social scientist is not able to 
set up an experiment but must content 
himself with describing the social phe- 
resulting from existing 
variables. If the 
scientist, however, studies one group and 
arly defines the variables, he may later 
w up with the study of another 
situation which may differ in only one 
variable from the first. For instance, 
the above items have been noted in the 
Shellrock complex. Now if we follow 
this study by one of another community 
which is similar to the first except, let us 
say, in racial composition, it should be 
possible to note crudely the influence of 
the racial factor in combination with a 
specific complex. This method, although 
less accurate, would approach that of 
the controlled experiment in the physi- 
cal sciences. 


com- 


nomena 


binations of social 


II 

The newspaper files, as well as any 
other available written material, were 
read, but they were one of the minor 
sources of information. The most in- 
formation, especially that concerning the 
fundamental attitudes, standards and 
evaluations of the people, was obtained 
from the old residents who are still liv- 
ng. Direct questioning of informants 
brought questionable results. The best 
information was gained through listen- 
ing to the group conversations of the 


FAMILY SITUATIONS 


people, and participating Wi 
their group activities 
The 


pletely abandoned. 


questioning 


tionnaire easily le 


titative study, it 
rationalizations rather 
damental attitudes 
observation 


results 
information. 
After 
community activities was conclud 
analysis of the family 
made. 
lows. 
The most 
interrelationship between the family 
ganization and the other 
nomena. One large section of the 
devoted to the family. In 
chapter was a great mass of material on 


the complete ree 


Situations was 
A portion of that analysis fol 
outstanding thing was the 
social 

was 
economic and other social life. Likewise, 
all the other chapters contained impor 
tant material on the family situations 
It would have been impossible to accu 
rately record or understand the family 
situations if they were isolated from the 
entire and complex. 


This close relationship will be still more 
emphasized by the points which follow. 


social economic 


Life in the country, with the existing 
economic and social traditions, demands 
the united efforts of a man and woman. 
Agriculture represents one of the most 
primitive industries of man, and, conse- 
quently, retains more of the primitive 
traits of than the 
more recently industries of 
manufacturing, 
areas. 


organization 
evolved 


social 
found in the urban 
No provisions, for example, were 
made in the organization of agriculture 
the single man or 
woman. The tradition of certain tvork 
for men, as distinguished from other 
work for women, is still strong in the 
rural areas. The family is the economic 
unit of farming. 

Women’s work is largely limited to the 
care of the house and the minor indus- 


to accommodate 
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tries of the farm. Among the latter is 
included the care of the garden. In 
Shellrock, the division of labor incident 
to plant culture corresponds with the 
world-wide pattern of woman as the hor- 
ticulturalist, while man appears in the 
role of agriculturalist. 

In the case of the dominant woman 
who can make her husband take part in 
the gardening, the latter usually plants 
the seeds in the corn rows, and, rather 
than hoe it, he plews it with the corn 
cultivator. 

With regard to the division of income, 
the general rule of the community is that 
the income from all major activities of 
the farm belongs to the man, while the 
income from minor activities conducted 
by the wife belongs to her. This is well 
illustrated by poultry vaising. Under 
the old system the woman cared for the 
chickens and received the money ac- 
quired from the sale of eggs and surplus 
roosters. With this money she financed 
the household. Since the introduction of 
the coal or oil hover type brooder, and 
custom hatching, chicken raising has 
become less tedious and uncertain and 
the financial returns greatly increased. 
With this change in the financial impor- 
tance of poultry raising the men have 
taken it over and the income no longer 
belongs to the women. 

Other changes in material culture have 
reduced woman’s work. Formerly, all 
the bread, as well as cake, cookies, pie 
and other pastries used by the family, 
was baked by the housewife. A large 
portion of the vegetables and meat were 
canned, dried or cured by the wife for 
use during the winters. The family 
used to be practically self-sufficient. As 
late as 1912 the worst thing that could 
be said regarding the shiftlessness of a 
family was, ‘‘They live out of a tin can 
and paper sack.’’ It was only the lower 
classes who lived in that way, but now 
the trait has percolated upward to all 
classes. 

This increased dependence upon the 


outside world has raised the 

ing. The increased cost of 1 
ties, plus the increased nw 
luxuries desired as the result of 
ing, has resulted in a decreas 
number of children per family 
generations the average number 
dren has dropped from six to 
family. From talks with men 
harvest fields and conferen 
women one is given the impress 
often told openly, that children 
dents. Four children are consid 
indecently large number, and 
only ne’er-do-wells have such larg 
lies. Birth control is taken as a 
of fact and is not even considere: 
batable matter. 

When asked why they do 1 
more children they plead econon 
sure This economic pressure, |! 
resulis from the desire for luxut 
as automatic refrigerators, aut 
and electric light-plants. N 
quently one hears a woman re! 
she looks enviously at a new 
refrigerator, ‘‘ We were going to 
but now that we had the baby 
give it up, one has to give up s 
for their children.’’ 

Children, moreover, are a 
social liability now than formerly 
the shift away from home-made 
tion there is no place for the sma 
or pregnant woman. Pregnancy 
cussed as if it were a disease, 


pregnant woman is “‘pitied’’ b: 


friends. Often one hears such rr 
as **Poor Mary, she feels so badly 
having another baby.’’ 

The child no longer has an im} 
place in the family. With the in 


importance of education his contri! 


to the economic process has b 
duced to a minimum, while his 
have become a greater strain up 
family finances. 

The shift to commercialized ent 


ment has made recreation beco! 
individual rather than a family act 


y 
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nis weakens 
ft internal fr 
vas the unit 
the young 
\ simple, for 
rveillance of 
bile and the individua 
n take the young pe 
of adult supervis! 
itomobile has be 


courts! Ip 


esented, and a 
Each boy 
vy, out of sheer 
ermit him the use 
arents are 
t care if 
Both sincerely 
selfis] The bo 
until after n 
temper tantrums 
the boy never knows when 
vet the car the ‘‘dates’’ are mad 
the spot’ rather than in advances 


ther the parents nor children Know 


to cope with the problem The 


s look to the past as their guide, 
the children face the immediate 
lem and get their Way through any 
‘s. The most pitiful conversations 
heard are those in which a group of 
ents stimulate each other with tales 
ww thoroughly they uphold the estab 
shed group sanctions in their families 
For a few moments, away from the — strenether 
ual dilemma, they play the part of Fourti 
bold champions of the old order severely 
heck, however, shows that thev are on . eulture 


iV acting. theret 





ACTION OF A RUNNING HORSE 


By Dr. EDWIN H. HALL 


PROFESSOR OF PHYSICS, HARVARD 


IN the ScreNtTiric MontTHLY for De backward, in a rockine-horst 
ecember, 1931, I spoke of a drawing Instantaneous photographs, wl! 
made by Clerk-Maxwell as a boy of course were unknown when thes 
eleven years, reproduced here as Fig. 1, were made, rarely if ever sh 


saying that it showed an astonishin ning horse in this position 


l " 


perception of a horse’s action in run-- probably is that the unaided 
ning, and I contrasted this drawing with ordinary spectator notes eacl 
the conventional representation of run- legs in its most extended posit 
ning horses in the sporting prints of cause that is the simplest posit 


Maxwell’s boyhood Two such repre- perhaps the one of least rapid ¢ 


} 


+ 
} 


sentations are shown in Figs. 2' and 3. aspect. It fails to note that 
It will be noted that every horse shown sion of the forelegs is not, as 
in these two pictures, which are fairly simultaneous with the extension 
typical of the ordinary prints of their hind legs. Every horse shown 
time, has his forelegs reaching far for seems in danger of dragging 
ward and his hind lees reaching far’ feet on the ground at the next 
and incurring some rupture of 


1Figs. 2, 3 and 4 are taken from Nevill’s 


I 


‘Old English Sporting Books. ’’ omy in consequence 


A SKETCH MADE BY MAXWELL WHEN HE WAS ELEVEN YEARS ¢ 
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evident 
a running horse show a Maxwe 
complicated action of the 
horse studied. aiter ‘ather 
+ , Muybrid 
with one hind only type « 
with the rieht 


then with e left forefoot. 


i 


the right forefo Muybridg 


lop Some 
land with a dif 
ne-two-three-four order 
ind Yr 
+] en br 
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ASCOT RACES 


FIG. 4. ILLUSTRATION BY W. T. MAUD 


From ‘‘HAwsucH GRANGE’’ By THE AUTHOR or ‘‘ HANDLEY CrOss.’’ 


(By courtesy of G. de A. Lopes, Esq 
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THE PROGRESS OF SCIENCE 


THE INTERNATIONAL CONGRESSES OF PHYSIOLOGY AND 
PSYCHOLOGY 


ears ago tiie hnternationa 
of Physiology and Psyelh« 

t in the United Stats 
t Harvard U1 


at Yale U1 


rresses have ated 


ipart—the phys 


the psychologists at 


Quirinal an 
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PROFESSOR IVAN P. PAVLOV 
\T THE MEETING OF 


PROFESSOR PAVLOV WAS | 
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PROFESSOR FILIPPO BOTTAZZI 
PRESIDENCY THI I> 


VAS HELD. 


University of Naples. The The United States was we 


principal address was given by Pro- sented at the Congress, with a di 


fessor A. V. Hill, of University College, of about one hundred, ineluding 


London, who spoke on the physiology of _H. Howell, president of the p 


muscular aetion Another address of Congress The next Internation 
] 


outstanding interest was given by Pro- gress of Physiology will be 


fessor Ivan P. Pavlov, who celebrated Russia in the summer of 1935, wm 
his eighty-third birthday on September presidency of Professor Pavlov 
26. He had also the week before ad The psychologists decided to 
dressed the psychologists at Copenhagen Copenhagen largely to do honor 
Among the papers read in the sectional fessor Harald Hoffding, one 


7 


meetings was a series on the chemistry ers in the foundation of modem 


of muscular contraction chology. who. however. died 
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THE ITHACA MEETING OF THE AMERICAN PSYCHOLOGICAI 
ASSOCIATION 


BINARY fission is recommended as a 
possible remedy he ills of the body 
of psychology, at present pulled two 
ways between the introspectionists of 
the classical school and the modern dis 
ciples of the experimental method. Dr 
Robert M. Yerkes, of Yale University, 
made this suggestion of an amicable bill 
of self-divorcement before the meeting 
of the American Psychological Associa 
tion at Ithaca He would classify the 
two sub-disciplines of the science of psy- 
chology respectively as psychology and 
psychobiology. 

Children learn the ‘‘right’’ colors for 
a pieture at a very early age, it was 
indicated by experiments reported by 
Dr. Ada Hart Arlitt and Pessa Polasky, 
of the Pre-School Laboratory of the 
University of Cincinnati. They showed 


their young subjects twenty master- 


pieces of art, first in their original colors 


and then colored in violation of the laws 
of color harmony Increasing numbers 
of the children preferred the original 
masterpieces. The children, however, 
showed no choice between primitive pie 
tures and examples of modern art deal 
ing with the same subjects 

When a baby and an infant ape of the 
same age are brought up together, the 
more rapidly maturing simian at first 
outstrips its human companion in learn 
ing manipulative processes, Dr. W. N 
Kellogg, of Indiana University, stated 
The superiority of the ape was probably 
due in large measure to its strictly 
human environment, he believes 

A similar experiment performed by 
Dr. Louis W. Gellermann, of Yale Uni 
versity, however, brought out evidence 
that even at an early age the voung 
human can outreason the young ape. In 
coordination tests with geometrical fig 
ures, with food as a reward, two babies 
learned the right marks more quickly 
than did two young chimpanzees. The 
chatter of the babies as they puzzled 
over the boxes showed that they learn 
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DIRECTION FINDER FOR COSMIC RADIATION 
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v Dr. Anderson’: 
photographs The energy given off by 


such a combination would be of the 


same order as that of cosmic radiations 

In the meantime, field observations of 
these radiations continue with increas 
ing exactness Dr. Millikan has had 
recording electroscopes carried in air- 
planes to altitudes of over 20,000 feet in 
northern Manitoba and elsewhere. He 
has also repeated his observations at 
Arrowhead Lake, in California, using 
the same recording electroscope instead 
of the original visual observations 

The possibility of a partial north- 
and-south orientation of the cosmie ray 
incidence is indieated by results of ob- 
servations on Mt. Washington, New 
Hampshire, by Dr. T. H. Johnson and 
Dr. J. C. Street, of the Bartol Research 
Foundation. They used a ‘‘telescope’”’ 
in which three Geiger-Muller counters 
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EARTHQUAKE AND HURRICANE 


THose twin angels of destruction, 
earthquake and 
more than ordinarily active during re- 


There 


hurricane, have been 


weeks have been several 
severe. shocks, but fortunately only one 
of them affected a thickly populated 
region. 
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one, however, made up in its 
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to follow the others. On 
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the famous Mount Athos region. To the  strumental data have been 

loss of life occasioned by the earthquake courier weeks late 

itself must be added many drownings, Qn October 1 an earthquak 
when the small island of Amogiana, to erate intensity shook the cit 
which refugees from the mainland had nagua, in Niearagua, the \ 
fled, was flooded—some accounts stating major earthquake disaster on M 
that it had sunk beneath thesea. Strong 1931. This quake was traced 
after-shocks continued to be felt for center at sea a short distai 
more than a week following the main Pacific coast of Nicaragua 
disaster The epicenter of this earth The destructiveness of the O 
quake was under the sea a little distance earthquake was more than mat 
off the coast of Khalkidike; this point that of a New World hurrie 
was determined by the U. S. Coast and = raged through the West Indies 


Geodetic Survey and the Jesuit Seismo the last days of September, wre 
logical Association, under their co-  pecial havoe in Puerto Rico, 
operative arrangement with Science been staggering slowly to its feet 
Service as the clearing-house for tele- similar misfortune four years ag 
graphic transmission of earthquake data The Puerto Rican storm was 
obtained by seismological observatories. of the present season. Accordil 


Three days before the Greek disaster, U. S. Weather Bureau, three s 


an earthquake centering in southeastern  turbances can be expected in 


Siberia was located by the same agen- year. One of the previous sto! 
cies. Since this is a region well off the also unusually severe It app 
main lines of communication, direct be headed straight for southern | 


news of this earthquake may be some but when it was only two hund) 
time in reaching the outside world. On off shore it veered sharply 
previous occasions, earthquakes traced course and spent its force over 
to interior Asia by calculation from in lantic Ocean. 
THE PHYSIOLOGY OF RESPIRATION 

Proressor OrTro WarBURG, working trations in anaerobic cells It 
with Dr. Walter Christian at the orange-colored substance that 
Kaiser-Wilhelm Institut fiir Biologie at down when heated for ten minutes 





Berlin, has discovered a second respira degrees Centigrade. 

tion ferment, distinct from haemin, the A hitherto unnoticed respirativ 
earlier discovery of which won for him nomenon has been observed at the 
the Nobel Prize in medicine and physi-  inghouse Research Laboratories 

ology in 1931. Pittsburgh. Pennsylvania, by V 


Professor Warburg and Dr. Chris- ett Kinsey. He placed pieces of 
tian found that anaerobic organisms and of cancerous human tiss 
shaken up with oxygen underwent a_ specially constructed glass resp 
respiration which could not be stopped chambers, and exposed them to 
by carbon monoxide or hydrocyanic Upon analysis of the gases in thi 
acid, poisons which inhibit the action of bers after the treatment, he 
haemin. They also found the same ac- hydrogen, which is not normally 
tion to take place with expressed juices product of respiration He is 
from ordinary aerobic cells. This ap- opinion that the disturbance of n 
peared to indicate the existence of a lism which causes this abnormal 
respiration ferment other than haemin. free hydrogen is the cause of de: 

They have succeeded in isolating this both normal and cancerous tissues 
ferment. It is present in high concen- jected to prolonged x-ray exposur 





